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TREATMENT OF DISEASES ASSOCIATED WITH THE EQR-1 ENHANCER 

ELEMENT 

FIELD OF INVENTION 

5 The present invention describes a method for screening compounds for regulating 
expression of APO Al protein and modulating the activify of egr>l and/or egr-l 
consensus sequence elements for influencing expression of associated genes to 
thereby effect disease treatment* 

BACKGROUND OF INVENTION 

10 Cardiovascular disease is a general term used to identify a group of disorders of the 
heart and blood vessels including hypertension, coronary heart disease, 
cerebrovascular disease, p^pheral vascular disease, heart &ilure, xfaeumatic heart 
disease, congenital heart disease and caxdiomyopathies. The leading cause of 
cardiovascular disease is atherdscletosis, the build up of lipid deposits on arterial 

IS wails. Elevated levels of cholesterol in the blood are highly correlated to the risk of 
developing atherosclerosis, and thus significant medical research has been devoted to 
the development of therapies that decrease blood cholesterol. 

Aflt^sclmsis is associated widi endothelial dysfiuction, a disorder whereh normal 
fimedon of flie vasculature lining is impaired, which contributes to the pathogene^ 

20 of atherosclerosis, in addition to being a prominmt ride factor for numerous oflier 
cardiovascular disorders such as angina, myocardial infiuiction and cerebrovascular 
disease. Hallmarks of endothelial dysftinction include increased oxidative vascular 
stress and vasoconst[iction> as well as elevated levels of cholesterol in the blood, 
which all promote one another to accelerate the development of cardiovascular 

2S disease. In order to most successfully disrupt the development of diseaset improved 
dienqpeutic strategies against-the multiple causal risk Actors of cardiovascular disease 
are needed, 
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Resvmtrol (tran8-3.5,4'-trihydroxystilbeiie) is a natural polyphenol found in certain 
plants and berries including red grapes, rastpbemes, mulberries, peanuts and some 
cfiier plants. It bas been suggested that TesveratroI» its metabolites and related 
polyphenols present in red wine may underlie an ^idemiologic observation termed 
5 flie "French Paradox". This paradox relates to &e finding of a low incidence of 
cardiovascular disease (CVD) in the French population despite the consumption of a 
diet containing a high content of saturated &t comparable to that in the North 
American population. The content of saturated fat in the North American diet is a 
msyor contributor to the incidence of ischcanlc heart disease, hi France^ however, a 

1 0 comparable diet is associated with an incidence of isdiemic heart disease equal to 1/3 
of ttiat in Ibe North American population. It has been speculated that resveratiol may 
contribute to the paradox comes fiom its potmtial xole as an antioxidant and 
additionally, as yet unknown meohani8m(8) of action. Rosv^atrol and related 
compounds are fbund in abundance in nature and one of the best known sources aije 

IS the skins of red grapes, which can contain S0**100 /£g per gram (Jang, M. et al. Science 
275:218 (1997)) of gfldn. Resveratrol is fbund in many red wines and may also be 
obtained in commerdal prq>aration6. 

In part, the actions of resveratrol may arise £rom its suspected antioxidant properties 
that inhibit lipid peroxidation of low-density lipoprotein (LDL) particles and thus 

20 prevent the cj^toxicity of oxidized LDL. Increased abundance of oxidized LDL is a 
risk factor for developfaig CVD (Frankel, E.N. et al. Lancet 341:1103 (1993); 
Chanvitay^ongs, S, et al. Neuror&port 8:1499 (1997)). Platelet aggregation in the 
pangenesis of CVD occurs at early and late stages of the disease including &e final 
insult of arterial thrombosis. This is usually the tenninal event leading to ischemia or 

25 myocardial infarction. Thus the ability of resveratrol to inhibit this platelet activity is 
thought to possibly help in both prevention of atherosclerosis (Rotondo, S. et al. Brit J 
Pharmacol 123:1691 (1998); Soleas, GJ. et al. Clin Biochem 30:91 (1997)) and th^ 
final insult. These effects of resveratrol may comprise, in part, the cardioprotective 
effects of moderate amounts of red wme ccmsumptum. 



30 CHOLBSIBROLMBTABOLISM 
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Due to its insolubility, cholesterol is transported in the blood by complexes of lipid 
and protein termed lipoproteins. Low density lipoproteins (LDL) are believed to be 
responsible for the delivery of cholesterol ftom the liver to other tissues in the body, 
and hove tiuis become popularly referred to as "bad cholesterol". LDL particles are 
5 converted ftom intermediate density lipoproteins (IDL) which were themselves 
created by the removal of triglycerides from very low density lipoproteins (VLDL). 
VLDL are ayn&esized out of triglycerides and several apolipoproteins in the liver« 
where they are then secreted directly into the bloodstream. 

High density lipoproteins (HDL) are thougiht to be the m^or carrier molecules that 
10 transport cholesterol fix>m extrahepatic tissues to the liver where it is catabolized and 
then eliminated in a process termed reverse cholesterol transport (RCT), thereby 
earning HDL the moniker of the "good cholesterol". In the elimination process that 
occurs m the liver, cholesterol is converted to bile acids and then excreted out of the 
body. 

IS <:mRE^^^TREAT^IE^^SFORHYPERLlPmEML^ 

Currently approved cholesterol lowering drugs provide therapeutic benefit by 
attacking the normal cholesterol metabolic pathways at a number of different points. 
Bile acid binding resins, such as cholestyramine, adsorb to bile acids and are excreted 
out of the body, resulting in an increased conversion of cholesterol to bile acids, 
20 consequently lowering blood cholesterol. Resins only lower serum cholesterol a 
maximum of 20%, cause gastrointestinal side effects and can not be given 
concomitantly with other medications as the resins will bind to and cause the 
excretion of such other drugs. 

Niacin inhibits lipoprotein synthesis and decreases production of VLDL particles, 
25 which are needed to make LDL. men admmistered at the high concentrationB 
necessary to increase HDL levels, serious side effects such as flushing occur. 

Fibrates, such as clofibrate and fenofibrate, are believed to activate transcription 
factors belonging to the peroxisome pro Uferator-activated receptor (PPAR) family of 
nuclear hormone receptors. These transcription factors up-regulate genes involved in 
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tho production of HDL and down-iegulate genes involved in the production of LDL. 
Fibtates are used to treat hyperltpidemias because they reduce serum triglycerides by 
lowering the VLDL flaction. However, they have not been proved in the United 
States as hyperoholesterolemiii theriipeutios» due to the heterogeneous nature of the 
5 Upid response in patients, and the lack of efBcacy observed in patients with 
established coronary heart disease. As wdl, the use of fibrates is associated with 
serious side effects, such as gastrointestinal cancer, gallbladder disease and an 
inosased incidence in nonHwionaiy mortalify. 

Statins, also known as HMG CoA reductase inhibitors, decrease VLDL» LDL and 
10 IDL cholesterol by blocking the rate-limiting enzyme in hepatic cholesterol syndiesis. 
Statins increase HDL levels only marginally, and numerous liver and kidney 
dysflmctlon side effects have been associated wiUi &e use of these drags. 

Ezedmibe is flie first apptoyed drug in a new olass of cardiovascular flierapeutics, 
which ftanctions by hihibiting cholesterol uptake in the intestine. Bzetiniibe lowers 
15 LDL but does not q)preoiably moroase HDL levels, and does not addt«8s the 
cholesterol which is sjothedzed in the body nor the cholesterol ciiculatiog in the 
bloodstream or present in attierosolerotie plaques. Odier compounds that have also 
been discovered to afibct cholesterol absoiption include the bile-add Unding agent 
cholestyramine and the pl^osterols. 

20 Despite Ibe development of these therapeutic approaches, litUe has been achieved to 
increase the blood levels of HDL, and all of the drugs cuixcntly approved ate limited 
in their therapeutic effectiveness by side effects and efficacy. Consequaitiy, there is a 
need for improved therapeutic approaches to safely elevate HDL and thus increase flie 
rate of reverse cholesterol tranqiort to reduce blood levels of cholesterol. 

25 EMX)THELIALDySFLINCTiaNANDAlHEROSCLEROSIS 

Impaired endothelial function occurs early in the genesis of atherosclerosis, and in 
feet is detectable before lipid deposits. Sidothelial dysfunction is symptomatioally 
characterized by vasoconstriction and leads to hypertension, which is a well known 
risk ftctor for oAer cardiovascular disorders such as stroke and myocardial mferotion. 
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Research has oausaUy linked the diminished endothelial functioa in athaosderosb 
patients to reduced bioavailability of nitrie wdde (NO), a signaling molecule that 
induces vasodilation. 

Decreased bioavailability of NO also activates other mechanisms that play a role in 
5 the pathogenesis of atherosclerosis. For instance NO is weU known to inhibit platelet 
aggregation, a necesaaiy step in the development of the lipid plaques that characterize 
atheroscleiDsia. As well, NO is an important endogenous mediator that inhibits 
leukocyte adhesion, which is a major st^ in the development of atherosclerosis and is 
probibly Has result of increased vascular oxidative stress in hyperHpideraic patients. 
10 A6bsxeat leukocytes further increase oxidant stress by releasing large amounts of 
reactive oxygen ^edes. 

Increased vascular oxidative stress and hyperdiolestetolemia have individually been 
identified as contributors to the cause of reduced NO bioavailabiUty. hioiease$l 
oxidation also leads to fiee-radieal mediated lipid peoroxidatioD, another inducer of 
15 atherosolerosic lesion formation. Ih snumaiy, it would appear that a positivo feedback 
loop exists wherein these three nug'or fkebara, hypercholesterolemia, vascular 
oxidative stress and reduced bioavailabiUty of NO, each increase the extent and 
pathological severity of the others. 

RESVERATROL AS AN ANTI-OXIDANT AND PRO-APOUPOPROTEIN Al 
20 AGENT 

Tbe mechanism by which resveratrol reduces flie incidence of cardiovascular disease 
remains a topic of considerable debate, with several competing hypotheses. 
Resveratrol has been demonstrated to be a potent anti-oxidant. which is suggested to 
result in lower levels of peroxidation of LDL particles, and subsequently to inhibit 
25 atherogenesis. Resveratrol has also been implicated as an inhibitor of leukocyte 
adhesion and platelet aggregation. In addition, resvetattol is being investigated as a 
potential anti-cancer therapeutic due to its described c^aWlity of modulating the 
activity levels of p21 and p53. 
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lUsveratrol has been identified as an antl^inflainmatoty agent, with proposed 
meehaniams including the inhibiticm of the cyclcxixygenase-l enzyme (US Patent 
6,S4U045; layatllake, G.S. et al. J Nat Prod 56:1805 (1993); US Patent 6,414,037) 
and protein kinase inhibition Patent Application 0030171429). Consequently, 
5 lesveratrol may have &e potential to be employed ther^eutically to treat arfbrific 
disordeis, asthmatic disorders, psGnatic disordersi gastrointestinal disordets, 
ophthalmic disorders, puhnonaiy inflammatory disorders, cancer, as an analgesic^ as 
an anti-pyretic^ or fi>r tfie treatment of inflammation that is associated with vascular 
diseases, central nervous system disorders and bacterial, fimgal and viral infisctions. 

10 Resveratiol was recently described as a sirtoin-^activating compound, and was 
suggested to increase longevity througb a direct interaction with SixTl, leading to 
down-regulation of p53« Resveratiol is also known to antagonize the zxyi hydrocarbon 
receptor and agonize diie estrogen receptor, and has been described to mediate activity 
tbiou^ activation of the ERK 1/2 pathway and thzou^ increasing the activity of the 

13 transcription &ctor egr-1. 

Most recently, xesveratrol has been found to increase the transcription of 
apolipopiotein Al, putatively mediated through Site S, a nucleotide sequence in the 
promoter region of the ApoA-t gene (Taylor et al. JMol Endocrin 25:207 (2000)). 

20 SUMMARY OF mVEimON 

It is an objiect of the present invention of the present invention to provide an 
increased understanding of the mechanisms of action to resveratrol and to immde a 
basis for tiie development of resveratrol analogues that have similar benefidal 
actions. 

25 It Is a further object of the present invention to provide a molecular target for fbrther 
drug development aimed at increasing APO Al and/or HDL levels. 

It is a Anther object of the present invention to provide novel compounds that are 
capable of increasing egr-I promoter activity. 
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In accordance witb the various aspects and principles of fhe present invention tlim 
ate provided new tools and reagents for assaying and identifying compounds which 
can to increase HDL levels by piomoting APO Al gene expression. Various regions 
related to the APO Al gene and specifically within the relevant promoter region have 
5 been identified that appear to be important for controlling gene actlviQr. . Polyphenol 
compounds such as resverairol have been discovered to enhance activity of fhe gene. 
Cell lines have been discovered and created which are useful as screenhig tools for 
identii^g other such compounds including mimetics and analogs of resverotrol for 
upregulating APO Al gene esqiiession. Similarly, such tools can be Advantageously 
10 employed to screen synthetic compounds or neutraceudcals for identifying those 
compounds capable of providing similar benefit on APO Al expression. 

One aspect of fhe present invention provides methods for increastag HDL/APO Al 
levels in plasma in an individual by administering therapeutically effective amount of 
an activating agent for selectively promoting APO Al expression in intestinal and 
IS liver cells. Such activating agent acts upon the DNA within the intestinal cells, 
^ecifically at a DNA motif spanning -190 to -170 of the gene. It has been discovered 
that resveratrol or analogs th^eof can act as such activating agents. Most prefbired 
embodiments of such compounds will also comprise a phazmaccuticaUy acceptable 
carrier such as a buffer, or other vehicle well known in the art 

20 A fbrther aspect of the present invention provides for novel methods of promoting 
APO Al expression, particularly in hxtestinai cells. 

A further aspect of the present invention provides for methods for identij^g other 
genes that may be sensitive to resveratrol or classes of novel compounds provided for 
herein comprismg incubating such genes with a complementary sequence of the motif 
25 within fhe APO Al promoter that is acted upon by resveratrol under hybridizing 
conditions and then assaying for the presence of hybridization of the complementaxy 
sequmce of the motif promoter. 

A flirther aspect of the present invention provides for methods of screening for» and 
identifymg, synthetic compounds or neutraceuticals that may increase circulatitig 
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APO Al/HDL levels in mammals. The pr&ferxed procedure fi>r smenkig or 
ida:difying candidate compoundCs) involves exposing pennanently transfected cells 
Hep G2 or CaCo2 cell lines to the synthetic compounds or neutraceuticals to be 
screened and assaying for elevated levels of APO Al gene transcription and/or APO 
5 Al protein whereby such elevated transcription levels or APO Al protein levels 
identify compounds or neutraceuticals capable of increasing circulating HDL levels. 
Other compounds, for increasing APO Al expression could similarly be Identified by 
incubating such compounds with permanently transfected cell lines containing full or 
truncated APO Al promoter sequences and assaying for increased APO Al 
10 expression. The thusly identiMed compounds, particularly with phazmaceutically 
acceptable carriers would provide great clinical advantage. 

A fiirther aspect of tho present invention provides for classes of novel compounds that 
may be used to increase transcription factor binding to egr-1 like promoter sequencess 
thereby modulating tbe eq^mession of cancer rdated genes such as p21 and pS3» and 
^ IS thmby treating cancer, and mefliods of treaimGiit fhcrewith. In addition, Oils stpproaoh 
can be extended to permit treatment of other disease conditions associated with genes 
controlled, at least in part, by egr-1 or egr-1 promoter like sequoaces as described in 
greater detail below, 

A further aspect of the present invention to provide classes of novel compounds that 
20 may be used to increase transcription factor binding to egr-1 like promoter sequences^ 
thereby modulating the expression of longevity related genes such as the sirtuins, and 
thereby extend life span of an individual so treated, and methods of treatment 
therewith. 

A still further aspect of the present invention provides for classes of novel compounds 
25 that may be used to increase transcription fiactor binding to egr-1 Uke promoter 
sequences, thereby modulating die expression of cancer related genes such as p21 and 
p53, and thereby treating cancer, and methods of treatment therewith. In addition, this 
approach can be extended to permit treatment of other disease conditio associa^ 
with genes controlled^ at least in part, by egr>l or egi>l promoter like sequences as 
30 described in greater detail below. 
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A furtlier aspect of the pr^seiit invention to provide classes of novel compounds of the 
invention tiliat may be used to increase tx^cription factor binding to egr-1 like 
promoter sequences, thereby modulating the expression of longevity related genes 
such as the fiirtuins« and tberieby extend life span of an individual so treated, and 
5 methods of treatment therewith. 

The compounds provided for in the present invention, which are presented as 
illustrative chmiical structures* but this is not to limit fiie scope of the invention to the 
compounds listed below. Vfbsm the term 'Wtroox/' is used, what is meant is the nitric 
ester groi^ .0N02. Whenflie teams '"hydroxyr or 'liydrox/* are used, what is meant 
10 Is the g]raup -OH. Vfb&k flie term 'Averse ^teif * is U8e4, what is meant is &e group 

More particularly, the present invention provides fi>r a compound useftd for 
increasing transcription factor binding to egr-1 like pfomoter sequences comprising ^ 
stilbene compound comprising the following struoture: 




!9 



15 



wherein 



20 



Rl, R2> R3, R4, R5, R6, R7, R8. R9 and RIO may each be 
independently hydrogen, hydroxyl [OHTI, hydroxyalkyl, aminoalkyl. 
Bromide (Br), Iodide (I), nitrooxy [ONO.sub.2], methoxy 
[Oai.sub.3], ethoxy [OCH.sub2CH.sub.3], fluoride [F], chloride [Ci], 
CF»sub-3, CCLsub3, phosphate, Rll, R12, ORll, 0R12, OCORll, 
OCOR12, O-sulfate [the sulfate conjugate], or 0-glucoronidate [the 
glucoronic (AKA glucuronic) add conjugates], with the proviso tiiat at 
least one of Rl-RlO is nitrooxy, R12, 0R12, or OCOR12i and 



wherein 



25 



OCOR means 
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wherein 



— 0 

andS.iBRllorRl2 

Rll is Cms, aiyl, heteroaryi or a derivative thereof^ whearein said 
derivative is optionaUy substituted aiid optionally bianched, and may 
have one or more oftheC atoms replaced by S,N or and 



wherein 



10 



20 



25 



wherein 



R12 is Cms, aryl, heteroaryi or a derivative fliereo^ wherein said 
derivative is optionally substituted, optionally branched, may have one 
or more of the C atoms replaced by S, N or O, and optionally 
contakdngoneormoreONO,8ub.2 and 

X can be a single, double or triple bond. 



IS Mote pardeulailyp the preseat invention provides fiir a compound useful fbr 
increasing trans^nption factor binding to egr-1 like promote sequences comprising a 
flavonoid compound ccxmprisixig the following structure: 




Rl, R2, R3, R4, R5, R6, R7, R8, R9, RIO, R13 and R14 may each be 
independently hydiog(Mi, hydroxyl [OH], hydxoxyalkyl, aminoalkyl, 
Bromide (Br), Iodide (I), nltrooxy [ONO.sub.2], methoxy 
[OCH.8ub.3], ethoxy [0CH.sub2CH.sub3], fluoride [F], chloride [CI], 
CF.5ub.3, ca.sob,3, phosphate, Rll, R12, ORU, 0R12, OCORll, 
0COR12, O-sul&te [the sulfite conjugate], or O-glucoronidate [the 
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25 



wherdiL 



glucoionic (AKA glucuronic) add conjugates], with the pxoviso (hat at 
least one of Rl-RlO or R13 or R14 is nitrooxy» 0R12» or 
0C0R12;and 



OCOR means 
0 

andRisRU orR12 



wherein 



Rll is Cms, aiyU heteroarjd or a derivative thereof wherein said 
10 derivative is optionally substituted and optionally branched, and may 

have one or more of the C atoms replaced by S* N or O, and 

wherdn 

R12 is Cuigf aryl, hetcroaryl or a derivative thereofj wherein said 
derivative is optionally substituted, optionally branched, may have one 
IS or more of the C atoms replaced by N or and optioneilly 

coiitaiiungoneormorBONO.sub.2 ; 

herein 

X can be 0» CR13 or NR13; 

Y can be CO [a ketone atill maxntahdng tfaej 6 atom ring structur6]t 
20 CR14orls|Rl4;and 

Z can be a single or a double bond. 

More particularly, the present invention provides for a compound useful for 
increasing transcription factor binding to egr-1 like promoter sequmces comprising an 
isoflavonoid compound comprising the following stnicture: ' 
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wherein 



5 

.1 



10 



15 



20 



25 



Rl, B2, R3, R4, R5, R6, R7» R8, R9, RIO. R13 and R14 may ea6h be 
intlsp«t»leufly hydrogen, hydioxyl [OH], hydroxyaU^ aminoalk^ 
Broxnide (Br), Iodide (I), mlroaxy [ONO.sub.2], xnetfioxy 
[OCH.sab.3], etboxy [OCH.8ttb2CH.sub^], flootide [P], ohlozide [Cl]» 
CF.sub3, CCLsab.3. phospluite. Rll. R12. ORll, 0R12, OCORll, 
0C0R12, O-fiul&te [the sul&te ooqjugste]. or O-^ucoronidate [fhe 
^ucon»iic (AKA glucunmio) add conjngates]. ^lli the proviso that at 
least one of Rl-RlO or R13 or R14 is nitrooxy, R12, 0R12, or 
0C0R12;and 



OCOR means 
0. 



wherein 



andRisRllorRl2 

Rll is Ci-iB, aiylt heteroaryl or a derivative Uhereofi whwein said 
derivative is optionally substituted and optionally branched, and may 
have one ormoreof the C atomsreplacedby S,N orO, and 

R12 is C|.j9, aryl. heteioaryl or a derivative thereof^ wherein said 
derivative is optionally substituted, optionally branched, may have one 
or more of the C atoms replaced by S, N or O, and optionally 
containing one or more ONO.sub.2 ; 

X can be O, CR13 or NR13; 
Y can be CO [a ketone still maintaining the 6 atom ring structure], 
CR14orNRl4;and 
Z can be a single or a double bond. 

More particularly, fhe present invwtion provides for a conipound usefksl for 
30 increasing transcription factor bmding to egr-1 like promoter sequences conqpodsing a 
chalcone compound comptislug the following structure: 



wherein 
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10 



wherdn 



15 



wherein 



wherein 



20 



wherein 



25 



Rl, R2, R3, R4i RS, R6, R7, R8> R9» RIO and R13 xnay each be 
independently faydtogo^ hydioxyl [OH]» hydroxyallcyl, aminoalkyU 
Bromide (Br), Iodide CD, nitiooxy [ONO.gub.2], methoxy 
[OCH.sub.3], edioxy [OCH.Bub2CH.sub.3], ftuotide [F]. cfalodde [d], 
CF.sub3, CCLsab.3, phosphatq, RIU R12, 0R11» 0R12, OCORll. 
OCOR129 O-sulfete [the sul&te conjugate], or O-ghicofonidate [the 
ghicoronio (AKA glucuronio) add com'ugates], with the proviso that at 
least one of Rl-RlO or R13 is nilrooxy^ R12, 0R12» or 0CX>R12; and 



OCOR means 
— o 

andRisRll orR12 



RU is Ci.i8» aryU heteioaryl or a detivadve thereof* wherein said 
derivative is optionally substituted and optionaUy branched, and may 
have one or more of the C atoms replaced by S, N or 0» and 

R12 is Cms, aryl, heteroaryl or a derivative thereof; wherein said 
derivative is optionally substituted, optionally branched, may have one 
or more of the C atoms replaced by S, N or 0» and optionally 
containing one or more ONO.sub.2 ; 



X can be a single or a double bond; 
Y can be a single or a double bond; and 
Z can be CO [a ketone], CR13 or NR13; 
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With flie proviso fbat X and Y are not both double bonds, and if Z is CO then Y is 
not B double b(md. 

More particularly, the present invention provides for a confound useful for 
increasing transcription factor binding to egr-1 like promoter scaqocsnces oonqnising a 
5 polyphenol conapoundcon^nisingflie following structure: 

Rg Rio Ri R2 

Rfl — \} — X— ^ /~~^ 

FI7 Rs Rs R4 
wherein 

Rl. R2, R3. R4, R5, R6, R7, R8, R9 and RIO may each be 

mdependenfly hydrogen, hydroxy! [OH], hydroxyalkyl. aminoalky!, 

10 Bromide (Br), Iodide (T), mtrooxy [ONO.sub.2], methoxy 

[OCH.8Bl).3], etfaoxy [OCH.8ub2CH.sub.3], fluoride [F], diloride [CI], 

CF.sub.3, CCl.Bab.3, phoqihate, Rll, R12, ORll, OR12, OCORJl, 

0C0R12, O-sulfete [flie sulfide oat^ugate], or O-ghiooionldate [the 

gluooronic (AKA glueurodc) aeid oonjugates], with the pioviso that at 

15 least one ofRl-RlO is mtrooxy, R12,OR12, or OC0R12; and 

wherein 

OCOR means 
andRisRllorR12 

20 wherein 

Rll is Ci-18, aiyl, hBte2X>aryl or a derivative thereof, whwein said 
derivative is optionally substituted and optionally branched, and may 
have one or more of the C atoms replaced by S, N or O, and 

wherein 

2^ C1.18, aiyl, heteroaiyl or a derivative th^eof, wherehi said 

derivative is optionally subatituteds optionally branched, may have one 
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or more of fhe C atoms replaced by N or O, and optionally 
containiEigQneormoreONO.sub.2 and 

wherein 

X can be C, S, (CO), SO, AKA ketone , (SO.sub,2)N, (CO)C, (CO)N, 
5 (C0)0, C-N [single bond], C=N [double bond], CA N-0, N-N 

[dngle bond], or N==»N [doiible bond]. 



BRIEF DESCiUPTION OF THE FIGURES 

Figure 1 shows a scheinatio map of the confltructa in the transfection assays; 

10 Figure 2 shows the effects of resveratrol (0, 2.5, 5, 7.5 and 10 pM) on APO Al 
promoter activity levels in CaCo2 cells transacted with pA1.474-LuQ; 

Figure 3 diows the time course over which resveratrol (S/aM) had an effect on APO 
Al levels in CaCo2 cells transfected with a reported construct, pAL474-Luc; 

Figure 4 shows a study in CaCo2 cells transfected with difTerent reporter constructs 
15 that contained progressively smaller fragments of the APO Al promoter and treated 
with 5^ resv^atrol for 16 hours; 

Figure S shows a western blot analysis of APO Al ptoteini 

Figure 6 shows the results of Hep 62 cells transiently transfected with pA1.474-Luc 
and then treated with various doses of resveratrol for 16 hours; 

20 Figure 7 shows data from HepG2 cells pennanently transfected with pAI.474-Luc and 
a commercially available neomycin resistance sejxe. The cells fiom &is transfection 
were selected for neomycin resistance; 

Figure 8 shows the time course of the APO Al promoter response to resveratrol in 
Hep G2 cells transfected with the pAl.474-Luc, exposed to 10 ;iM of resveratrol, and 
25 then harvested at 4, 8, 16 and 24 hxs after exposure; and 

Figure 9 shows a western blot analysis to measure fiie APO Al protein content in 
spent media &am Hep 02 cells untreated or treated with 5 or 1 0 /iM of resveratrol. 
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DETAILED DESCRIFIlON OF THE INVENTION AND BEST MODE 

In accordance with principles of the present invention, on© aspect of the present 
invention provides for a method for increasing egr^l promoters and those promoters 
5 with egr-1 consensus sequences, and fiiereby promote APO Al expresdon; and 
characterizes tho steps and potential moohanism in detail regaiding the iisd of 
resve(ratrol to eiihanoe transcription of the gene. Understanding its potaatial action 
will lead to improved developmmt or searches for derivatives and analognes with 
etdianced therapeutic efTeot. 

10 It is dear fiom the epidemiologio studies that cardiovascular disease (CVD) correlates 
with many parameters^ but one of the most important is low levels of HDL/APO Al. 
Methodology that increases APO Al/HDL should reduce tiie risk of CVD. While 
hormonal regulation of APO Al gene activity could be a way to control expression of 
the gene, an unfortunate accompanying disadvantage is that it is not possible to use 

15 increased concentrations of the hormones, such as thyroid hormone to up-regulate 
activity of the gene. Levels of thyroid hormone that exceed normal values arc toxic in 
humans and therefore caimot be used to enhance APO Al gone activity. Accordingly, 
flie use of mimetics or analogues that can enhance APO Al gene activity without the 
accompanying toxic effects is desired. . 

20 Compounds provided by the pre$ent invention incfaule analogues of resveratrol » 
analogues of resveratioi^ as well as analogues of resveratrol with attached moiedes 
that are capable of releasing nitric oxide when administmd to a patient. Such 
compounds include but ar^ not limited to analogues of xesveraliol wherein the nitric 
oxide donating moieties belong to the organic nitrate, alkoxynitrate* diazeniumdiolate» 

25 fhionitroxy» and the like classes of chemical structures. 

Organic nitrate ("nitroxy") groups may be added to compounds using known nitrating 
agents, such as, fbr example, concentrated nitric acid, a mixture of nitric and sulfiiric 
acids, or a nitric acid / acetic anhydride mixture. Alkoxynittoxy groups may be added 
to compounds uslng^ for example* the methods tau^t in US Patent 5,861,246. 
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Diazeniumdolates tnay be synthesized by various methods includmg, for example^ the 
methods tauiJit in US Patents 4^54^526, 5,039,705, 5,155,137» 5,405,919 and 
6,232,336, all of which are flilly incoxporated herein 1^ reference. 

Nitric oxide donating moieties may be advantageously attached to resveratml or a 
5 dwivative or analogue thereof via a covalent or ionic bond. Preferably, the nitric 
oxide donating moiety or moieties are attached by one or more covalent bonds. Nitric 
oxide donating moieties attached to resveratrol or an analogue or derivative thereof 
may be attached to any portion of the resveratrol molecule. In one embodhnent, nitric 
oxide donating moieties are substituted in place of one or more hydroxyl groups, hi a 
10 preferred embodiment, the substitutions take place on resveratrol such as natural 
resveratrol. In another preferred embodiment, the substitutions are of organic nitrate 
groups in place of hydroxyl groups. In another preferred embodiment, the nitric oxide 
donating moieties have replaced all three hydro^Qrl groups of resveratrol or a 
resveratrol analogue or derivative tiiereof. 

1 5 For clarity, it is noted that the -190 to -170 region is termed ''Site S^ in "Oestrodiol 
debases rat ^olipoprotdoi Al transcription via piomotef site B," Taylor et al. 
Journal of Molecular Endocrinology, 2S(2):207-19 (2000). The -190 to -170 sequence 
as cited herein is considered interchangeable with Site S, The Site S sequence for rat 
sndhumanAPO Al promoter regions differ by one base over this span. Rat APOAI* 

20 190 to -170 region of the promoter is believed to comprise the nucleotide sequence 
"TGCAGCCCCCQCAGCTTCCTG". The human APO Al motif that has marked 
homology to the Site S is believed to comprise the nucleotide sequence 
"TGCAGCCCCCGCAGCTTGCTG". The difference in the two sequences hes in a 
single nucleotide^ which is a C in the rat and a G in the human. The human sequence 

25 is noted m Higuohi et al. 1988, JBC. 263(34): 18530-6 (genbank accession M20656) 
and for the rat sequence Dai et al. 1990, EJB, 190(2);305-10 (genbank accession 
X54210). This difference in the motif is a transverse mutation. 

While not wisUng to be bound by any particular theory, resveratrol's activation of 
APO Al expression hi cells of intestinal and hepatic Uneag^ is mediated tfaioug(h a 
30 consensus sequence contained within Site S. A sequence, "AGCCCCGGC", found 
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wiftin Site im been described as an "Egri-l response element" consensus sequence. 
This motif is contained within tlie nucleotides spanning -196 to -174 of the human 
APO Al promoter (Kilboume et al. 1995, JBC, 270(12):7004-10). Again, without 
being bound by any particular theory, this AQCCCCCGC element found to bo 
S contahied within Site S is a sequence Upodu^ which resveratrol mediates its activity, 
but tiiis is not to the exclusion of ofher potential required elements. Resverabrol 
modulates APO Al e^qiression leading to the induction of activity in hepatocytes and 
intestinal cells. This is fhou^ to be through Site S which is comprised of; in pait^ the 
AGCCCCCQC element Resvetatrol mediates activity thiou^ the AGCCCCCGC 
10 element in cells ofintesthial and h^atic lineages* 

It is believed that a nucleotide sequence comprising Site S or about any S contiguous 
bases of the AGCCCCCQC element act as an enhancer element when operably linked 
to a heterologous promoter in order to modulate Ae expression of a reporter gene. For 
example, an isolated nucleic acid comprising the -190 to -170 (or -196 to -174) 

15 region, operably linked to a promoter (for example the thymidine kinase (TK) 
promoter), operably linked to a reporter gene (for example luciferase, CAT, or 
apolippprotein A-1 itself), in an expr^sion system (such as CaCo2, HepG2 or other 
eukaryotic cells, or cellular or nuclear extracts thereof), induce measurable 
modulation of expression of a reporter gene when contacted with a compound whose 

20 biological activity is mediated via either Site S or the "AGCCCCCQC" element. 
Examples of a compound witii such biological activity include resveratroli lesveratEol 
derivatives, resvexatrol-like polyphenols, and other polyphenol (natural or synfiietic). 
Such con[q;>ounds could then act to influence egr-1 and/or egr-1 consensus sequence 
elements which in turn could then modulate expressions of genes associated mlh such 

25 enhancer elements. Consequently, this approach can then be used to effect treatment 
of disease or other physiolo^cal conditions associated with genes controlled, at least 
in part, by egr-1 or egr-l promoter like sequences as descri1>ed in greater detail below. 

The steps to construct such a nucleic acid, transfect eukaryotio cells with such a 
nucleic acid* and assay for reporter gene expression are constructed by known 
30 protocols such as those described in Molecular cloning: a laboratory i rfTn ix^l^ by Tom 
Maniatis and Short Protocols in Molecular Biology, 5fli Edition, Frederick M. 
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Ausubel et sH. CBditor). Such isolated nucleio adds, ceils fransfonned widi such 
isolated nucleic aoids^ methods of sciranixig ea^loying such cells or extracts theieof, 
and compounds identified by such screening methods are contemplate herein. 

These isolated (recombinant) nucleic acids, the eukaryotic cells fransfected with same, 
5 the screening method employing said cells or extracts thereof, and the compounds 
identified utilizing said screening metticd, are usefbl in the treatment of proliferative 
diseases^ such as cancer. Bxamples of compounds identifiable by the scie^mig 
method provided hwein comprise biologioally active resveratrol, resveratrol 
derivatives, lesveratrol-Uke polyphenols, and other polyphenols (natural or synthetic). 

10 

METHODS OF TREATMENT USING EFFECTORS OF BGR-1 AND EQR-1 
CONSENSUS SEQUENCES 

While in tiie following description we use the phrase "egr-1 consensus sequence 
. elements** fbr convenient consistency, it is to be understood we also intend that phrase 
IS to include mediating mechanisms which work throu^ the egr-l site and not just tiiose 
whose effect is limited to the consensus sequence. Crasequently, activation or 
repression of egr-1 activity is to be understood to include not only action mediated 
tbtough the egr-1 consensus sequence elements but also activity modulation that 
works directly on egr-1 or egr-1 related elements oAer than the consenaus sequence. 

20 Bgr-1 is a key transcription fkctor that binds to egr-1 consensus sequence elements 
and which is involved in the mediation of cellular signalling from mjuiy or stress 
iaduoed events to effector genes, some of which assist in the repair or apoptosis of the 
injured tissue, and otiier of which are linked to the pathophysiology and pathogenesis 
of disorders arising fiom the inductive lesion. Stressors or injuries that may alter the 

25 activation of events that are mediated through egr-1 consensus sequence elements 
include shear stress, ultraviolet light induced damage, hypoxia, radical oxygen 
species, angiotensin n, platelet derived growth J^tors, acidic fibroblast growdi fhctor 
(FOF-1) and additional mechanical and non-mechanical utjuries and stresses. 

•19- 
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One© activated, €gr-l alteis, either by increasing or decreasln& flxe transcription levels 
of numerous downstrwm genes including PDGF-A, PDGF-B, FGF-2, apolipoptotdn 
Al, macrophage colony-stiniulating factor (M-CSF), TNF-a, tissue factor, uroldnase- 
type plasminogen acttvator (u-PA), interleukin-2 (IL-2X Intracellular adhesion 
5 molecule- 1 ^CAM-1), copper-zinc superoxide dismutase gen© (SOD I)» p53, 
ttaomboBpondin, CD44, and S-lipoxygenase (5-LO), and peroxisome proliferator- 
activated receptor- I CPFAR-1). Obviously, many of these genes are compelling 
therapeutLC targets* sudi as M-CSF for leukocyte proliferation associated disorders, 
s^olipoprotein Al> PPAR and 5-LO for cholesterol associated disorders, ICAM4 for 
10 cellular adhesion associated disorders including cancer, SOD 1 fbr hyper or hypo- 
oxidation associated disorders and others that vrill be readily apparent to those of skill 
in the art. 

Egr-1 involvement in trans-activation of target genes is affected by tiie number, 
location, and degree of homology of egr-1 consensus sequence sites in the promoter 
. 15 region of the target gene, by the adjacent DNA binding motifs of other trans- 
activating factors, by direct interactions with other activators and/or repressors, fte 
cell type in which the egr-1 activation occurs, and by the state of phosphorylation of 
egr-L Modulation of egr-1 expression, therefore, can lead to either activation or 
repression, of a target gene. 

20 

COMPOUNDS CAPABLE OF EFEECITNG MODULATION OP EGR-1 
EXPRESSION 

Compounds provided by tiie present invention hichidc analogues of xesveratrol, other 
stilbenes, other polyphenols, and flavonoids, with attached moieties that are capable 
25 of releashig nitric oxide whm administered to a patient Such con^unds include but 
are not limited to analogues of resveratrol, other stilbenes, other polyphenols, and 
flavonoids, wherein the nitric oxide donating moieties belong to the organic nitrate, 
alkoxynitrate, diazeniumdiolate, thionittoxy, and the like classes of chemical 
structures. 
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An understanding of the exact mech^msms by which alter^on of fhe coxzipouiid? of 
the invention is not required to piactice the present invention* The mechanifons 
disclosed herein are intended to be non-limiting and serve only to better describe ihe 
present invention. While not being limited to a theory, resveratrol is believed to cause 

S the previously described effects due to its molecular structure, the reactive and 
necessary core consisting of at least one aromatic ring structure, with at least one 
hydroxyl grx^up located on an aromatic ring. Naturally produced resveratrol itsdf is 
spedficaUy comprised of two aromatic rings, with two hydioxyls located at the 3 and 
S positions on erne ring and one hydroxyl located at the 4' position on flie other, and 

10 the two aromatic rings are cormeoted by two caibon atoms which have a double bond 
between them. Other compounds of this general class, said class being those 
compounds which comprise at least one aromatic rin^ structure with at least one 
hydroxyl group located on the rin& are believed to possess the same csQ>abilities and 
to produce fhe same results as those listed for resveratrol. 

15 Consequently, stilbenes, which comprise two aromatic rings linked by two carbon 
atoms, other polyphenols, such as those comprismg two or more aromatic rings, 
preferably two, linked by one, two or three atoms, said atoms independently selected 
flx>m the group consisting of nitrogen, carbon, oxygen and sulfur, and which may or 
may not be ind^endently substituted witti side groups such as ketone oxygens, and 

20 flavonoids. such as but not limited to naturally occurring flavonoids, such as but not 
limited to naringMin, quercetin, pioeatannol, butein, fisetin, isoliquiritigBnin, and 
hesperitin, are all compounds possess similar properties as those described for 
resv^troL As a result, it has been discovered that any of these compounds may be 
considered to be fUnctlonaJly interchangeable with resveratrol when utilized for the 

25 prevmtion or treatment of diseases, disorders or conditions, especially but not lunited 
to tibose diseases, disorders or conditions assodated with cholesterol, cardiovascular 
disease, hypertension, oxidative damage, dyslipidemia, q)olipoprotein Al or ^oB 
regulation, or in modi^dng or regulating other ficets of cholestwil metabolism such 
as hihibiting HMG CoA reductase, increasing PPAR activity, inhibiting ACAT, 

30 increashig ABCA-1 activity, increashig HDL, or decreasing LDL or triglycerides. 
Flavonoids tiiat do not have nitric oxide donating moieties attached have previously 



-21- 



wo 2005/034960 



PCT/CA2004/001818 



been taught as having pototial serum cholesterol raduoing activities, for example in 
US patents 5,877^08, 6,455,577, 5,763,414, 5,792.461. 6,165,984, and 6,133.241. 

Similarly, any of the stilbenes, polyphenols, isoflavanoids, chalcones and flavonoids 
of this class may be coasidetrcd to be fimctionally interchangeable with resveratrol 
5 when utilized to modulate transcription from site S, from the AGCCCCCGC element, 
or when utUized to inhibit letikocyte adhesion or platelet aggregation, or to inhibit 
COX-1, This is not to imply that all of the compounds will be identical in tonns of the 
level of activity for each of these functions or capabilities, or for in vivo toxicity or 
efficacy, or for bioavailability. These compounds demonstrate, over the course of 
. 10 simple testing, easily performed by one of skill in the art and not requiring undue 
experimentation, that some provide improved capabilities or fimctionality relative to 
others, and are therefore preferred over others as therapeutic agents. 

As well, it is known that phenolic hydioxyl gfOMps^ such as those found in the base 
compouxids i^on which tlifl present invention improves, are prone to gluooronidaticm 
15 and sulfation reactions ttiat &xnlitate excretion. Protection against ^se reactions by 
blocking the phenolic hydioxyl group with anothCT chemical groi^, such as a nitric 
ester (also re^ed to as an organic nitrate or ONO.sab.2) group, alkoxy nitrooxy, or 
reverse ester nitrooxy (nitrooxy groiqis ere also referred to as nitro oxy groups) 
fuxther extends a molecule^s half life in die body and pos^ones excredon, 

20 As an example, resveratrol. which contains three putatively important and 
therspeutically active hycaroxyl groups, may be protected by the replacement of the 
hydroxyl groups with nitric esters (also known as nitrates, nitcooxy groups, or 
ONO.sub*2 and. are occasionally referred to as nitroxy. but which should not be 
confused with N0.6ub.2> alkoxy nitrooxy groups, or reverse ester nitrooxy groups 

25 which are replaced over time while in ttie body wifli hydroxyl groups to reconstitute 
the active compound, rs^veratrol. As the nitric oxide donating groups are rQ>laced 
with hydioxyl groups one at a time over a period, and the resveratrol molecule 
comprising one or two nitric oxide donating gcoi^>s is still partially active the 
effective half life in the body of resveratrol activity is increased. Such a strategy 

30 fbrther pertnits the use of lower doses of the nitrate form of resveratrol relative to tbs 
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parent, hydioxylated foim of resveratrol, which then resulte in lower side effects in 
UiQ patient Obviously, such an approach would also be effective for the oth^ 
stilbenes, polyphenols, isoftavanoids, bhaloones and fiavonoids contenq)lated in the 
invention as fiiey also are contenqplated to comprise one or more hydroxyl groups that 
S may &am m Integral part of the molecule's active site. 

The present invention provides fbr the synthesis, composition and methods of 
treatment for nitrooxy derivatives of compounds other than the above described 
stilbenes, polyphenols, isoflavanoids, chalcones and flavonoids; wherein said 
compounds, which may be a nitrooxy derivative are synthesized and contain aromatic 

10 or heteroaromatic rings, one or more hydroxyl groups, and are known to modulate 
serum cholesterol levels. One example class of compounds that contain aromatic or 
heteroaromatic rings, one or more hydroxyl groups, and are known to modulate serum 
cholesterol levels comprise HMG CoA reductase inhibitors, also known as statins. 
Commercially available statins, the nitrooxy derivatives of which are provided for in 

IS this Invention, comprise atorvastatin, lovastatin, pravastatin, simvastatin, fluvastatin, 
cerivastatin^, and rosuvastatm. Two other compounds that fall within the specification 
of containing aromatic or heteroaromatic rings, one or more hydroxyl groups, and 
known to modulate serum cholesterol levels are ezetimibe and niacin. The nitrooxy 
derivatives of ewtimibe and niadn are therefore also provided fi>r in this invention. 

20 

SYNTtiESIS OF KITRIC OXIDE DONATING DERIVATIVES OF STILBENES, 
POLYPHENOLS, FLAVONOIDS, STATINS AND EZETIMIBE 

Organic nitrate (also referx^ to as nitrooxy, nitric esters, ONO.sub.2 and occasionally 
as "nitroxy^' but which is not to be confhsed with N0.5Ub.2) groups may be added to 
25 compounds using known mcfliods, such as that of Hakbnelahi wherein the nitrooxy 
group is substituted fbr existing hydioxj^ groups on the parent xnolecule (Haldmelahi 
et al. 1984. Helv. Chun. Acta. 67:906-915). 

Alkoxynitroxy groups may be added to compounds usmg, for exantple, the metiiods 
taught in US Patent 5,861,426. Diazeniumdolates may be synthesized by various 
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mefhods including, for example, the me&ods taught in XJS Patents 4,954,526, 
5,039,705, 5,155.137. 5,405.919 and 6,232^36, all of wWch are flilly incoipoiated 
herrinbyrd&ienee. 

Nitric oxide donating moieties may be advantageously attached to a stilbene, such as 
5 lesveratrol, a polyphenol, or a flavonoid, such as naringenin, or other compounds as 
described and provided for in this invention, such as a member of the class of statfas, 
or a derivative or analogue thereof via a covalent or ionic bond. Preferably, the nitric 
oxide donating moiety or moietiog are attached by one or more covalent bonds. Nitric 
oxide donating moieties may be advantageously attached to any portion of the 

10 molecule. In one embodiment, nitric oxide donating moieties are substituted In place 
of one or more hydroxyl groups, hi a preferred embodiment, the substitutions are of 
organio nitrate groups in place of hydroxyl groups, fa another prefeired embodiment, 
the substitutions are of organic nitrate groups attached to eaters or to teveise eaters in 
place of hydroxjd groups, hi another preferred embodiment, tfie nitric oxide donating 

IS moieties have z^laeed aU of fliehydrc»cyl groups of the stilbene, such as lesverattol. 
the polyphenol, or fhe flavonoid. sudh as naringenfai, or otiiw compounds as described 
and provided Sx in this invention, sucb as any monber of tibs class of statins, or those 
hydroxyl groups of an analogue or derivative tfteieof. 

For all of the compounds of ih9 invention, substitution of a hydroxyl group by a 
20 fluoride ion, a chloride ion, a bromide ion,, a af.8ub.3 grov^, a CCl.sab.3 group, a 
CBr.sub.3, an alkyl chain of 1 to 18 carbon atoms, optionally substituted, optionally 
branched, or an aJkoxy chain of I to 18 carbon atoms, optionally substituted, 
optionally branched is also contenqjlated and provided for, as such modifications to 
parent compounds are commonplace, known to increase drug stability witiiout 
25 altering the mechanism of action, and are readily accomplished by one of skill in the 
art. 

For an of the compounds of the faivention, aceiylated-derivatives of tiie conqtounds 
are also conten^iated and provided ft>r, as such modifications to parent confounds 
are commoitplace^ known to improve fhe beneficial e£^ots of the drug without 
30 alterii^themedianismof action, and are teadi]^ accomplished by (me of skill in the 
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art. Acetylated derivatives include esters, revefse esters, estere with nitric oxide 
donating moieties (inohiding but not limited to nittooxy groups) attached, and reverse 
esters with nitric oxide donating moietiOT (including but not lixnited to nitrooxy 
groups) attached, 

5 For all of the confounds of the invention, phosphorylated*>derivatives of die 
compounds w also contemplated and provided fi>r, as such modifications to parmt 
compounds are commonplace, known to improve the beneficial effects of the drug 
without altraing die mechanism of action, and are readily accomplished by one of skill 
in the art. 

10 Olucoxonidated derivatives of the compounds conten^lated by the invention ate also 
oantenq)lated hecehij as g^ucoronidation is a process that naturally occurs in the body 
as part of the metaboUsm of stilbenes, other polyphenols, and flavonoids. Once 
provided to a patient many of the coxxxpounds of the invention wUl be modified in idie 
body and will therefore be present in the body in glucoronidated form. The 

:15 corrugation of glucoronic acid to the compounds of the invention prior to 
administration will therefore not preclude the function or therapeutic utility of the 
oonipounds as determined by in vivo studies. As aresult, compounds of the invention 
witti an additional sugar moiety attached are considered to be fbnctionally comparable 
to the parent compounds, and are therefore provided for in the present invention. 

20 Olucoronldation of any stitbene^ polyplimol or flavonoid derivative compound 
contemplated by die present invention may be achieved, for example, using human 
liver microsomes as in the method of Otake (Otake et al Drug Metab Disp 30:576 
(2002)). 

Similarly, sul&ted derivatives of the compounds contemplated by the invention are 
23 also conteniplated herein, as sulfation is a process that naturally occurs hi the body as 
part of the metabolism of stilbenes, ofli6r polyphenols, and flavonoids. Once provided 
to a patient, some of the compounds of the Invention will be modified in the body and 
will tibterefore be present in Uie body in sulfated ibnn. Sulfition will therefore not 
preclude the flmction or therapeutic utility of die compounds as determined by in vivo 
30 studies. As a result, compounds of fiie Invention that have been subjected to a 
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IS 



sulfaticm teactton ate ccmsidered to be functionally comparable to &6 paz^t 
compounds, and are therefim provided for la the present invention. Sulfation of any 
stilbene, polyphenol or flavonoid derivative compound contemplated by the present 
invention may be achieved, for example, using tiie ion-air extraction method of Varin 
(Varin et siAnalBiochem 161:176 (1987)). 

Salts of the compounds described herein, including those preferred fbr pharmaceutical 
formulations^ are also provided for in this invention. 

COMPOUNDS CONTEMPLATED BY THE INVENTION 

In Older to clarify, the compounds provided for in the present inv^tion are presented 
as iUostrative chemical stractunss^ but this is not to limit the scope of the invention to 
the compounds listed below. When the term ^trooxy** is used^ what is meant is fhe 
nitric ester group -ONQs. When the terms ^liydroxyl** or '%ydrox/* are used» what is 
meant is tiie group -OH. Whm the term *^erse est^' is used, what is meant is tiie 
group 



wherein the O-bond is to the parent compound of flavonoid, stilbene or pol>phenolic 
structure and R is Cuia^ aiy), heteioaryl or a derivative thereof^ wherein said 
derivative is optionally substituted^ optionally branched, and may have one or more of 
the G atoms replaced by S, N or 0,» 

When the term '^erse ester nitro ox/' is used* what is meant is Hie group 



wherein fibe O-bond is to the parent compound of flavonoid, stilbene or polyphenolio 
structure and R is Ci.ib» aryl, heteroaryl or a derivative thereof, wherein said 
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derivative is optionally substituted^ optionally branched, and may have one or more of 
the C atoms replaced by S» N or O, and containing one or more ONO.sub«2. 

The present invration provides for compoundB useful for increasing transcription 
&ctor binding to egr-1 like promoter sequences having the general stilbene structure: 
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5 Rl, R2, R3, R4. !(5, R6, R7, R8. R9 and RIO may «ach be 

ndepsadently hydio^, hydroxyl [OH], hydraxyaUcy], aminoalkyl, 
Btomide (Br), Iodide CD, nifaooxy [ONO.sub^], melboxy 
[OCH.sub.3], ethoxy rOCH.8ub2CH.Bub.3L fluoride [F], chloride [CI], 
CF.8ttb.3, CCl.sub.3, phosphate, Rll, R12. ORll, OR12, 0C0R11» 
10 0CpRl2, O-sul&te [&e svilfate conjugate], or O-gluooioiiidate [die 

glucoronic (AKA gluouronic) acid corrugates], with the proviso diat at 
least one of Rl-RlO is nitrooxy, R12, 0R12, or OCOR12; and 

wherein 

OCOR means 
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andRisRllorR12 
whordn 



Rll is Cw8» aryl, heteroaiyl or a derivative tiiereo^ wihereln said 
derivative is optionally substituted and optionally branched, and may 
have one or more of the C atoms replaced by N or O, and 



wherein 



R12 is Cms, aryl, heteroaryl or a derivative thereof wherein said 
derivative is optionally substituted, optionally branched, may have one 
or more of ttie C atoms leplaced by N or 0» and optionally 
containing one or more ONO.sub.2 

The present invention also provides for compounds useM for ineteasuig transonptipn 
factor binding to egr-1 like premoter sequences of the following general structures: 



OV) 



R9 



(V) 
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(VID 




wherein 

Rl. R2, R3, R4, R5, R6, R7, R8. R9 and RIO may each bs 
Independently hydrogen, hydroxyl [OH], hydroxyalkyl, aminoalkyl. 
Bromide (Br), Iodide (0, nitrooxy [ONO.sub.2], methoxy 
^° [OCH-subJ], eflioxy [OCH.sub2CH.sub.3]. fluoride [F], chloride [CI], 

CF.8ub.3, CCL8ub.3, phosphate, RH. R12, ORll, OR12, OCORll, 
OC0R12, O-sulfete [Ihe sul&te conjugate], or O-glucoronidate [the 
gfateoionic (AKA ghicuionic) add conjugates], with the proviso that at 
least one of Rl-RlO is nittooxy, R12, OR12, or OCOR12; and 

15 wherein 

OCOR means 
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R 



andRi8RllorR12 



5 



RU is Cms* aryl, hetcroaryl or a derivative thereof wherein said 
derivative is optionally substituted and optionally branched, and may 
have one or more of the C atoms r^lacedby S, N or O, and 



wherein 



10 



R12 is Ci.ig, aryl, heteioaiyl or a derivative thereof, wherein said 
derivative is optionally substikted, optionally branched, may have one 
or more of the C atoms replaced by S, N or O, and optionally 
containing one or more ON0.8ub.2 



Wherein 

X and Y may each independently be C, N, O, with tiie proviso that if 
eitiier of X or Y is C &en tiie otbsc is not C. 

15 The present Invradondflo provides for OOTqwundaiwefid for inisreasingtt^^ 
fector bindmg to egr-1 like promoter sequences of the following general slnioture: 
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Rl, R2, R3, R4, R5, R6, R7, R8, R9 and RIO may each be 
independeatly hydrogen, hydtoxyl [OH], hydioxyalkyl, aminoalkyl. 
Bromide (Br), Iodide (I), nitiooxy [ONO.sub.2], methoxy 
[OCH.sub.3], ethoxy [OCH.»ub2C!H.sub.3], fluoride [F], chloride [CI], 
' 5 CF.8ub.3, Ca.sub3. phosphate, Rll, R12, ORll, OR12, OCORH, 

0C0R12, 0-sulfete [the sulfate conjugate], or O-ghiooroiildate [the 
glucoronic (AKA glucuronic) acid conjugates], with the proviso that at 
least one of Rl-RlO is nittooxy, R12, 0R12, or 0C0R12; and 

wherein 

10 OCOR means 




andRisRllorR12 

wherein 



Rll is Ci.iB» aryl, heteioaxyl or a derivative thereof wherein said 
derivative is optionally substituted and optionally branched, md may 
have one or more of the C atoms Kjilacedby S, N or and 

wherein 

R12 is Ci-18, aryl, heteroaryl or a derivative thereof, wherein said 
derivative is optionally substituted, optionally branched, may have one 
or more of the C atoms replaced by S» N or O, and optionally 
containing one or more ONO.sub.2 

The present invention also provides for compounds useful for increasing transcription 
feotor binding to ©gr-l like promoter sequences havmg the general polyphenol 
structure: 
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"Whereiii 

XisCorS 

10 TVlinrein 

Rl, R2. R3. R4. R5, R6, R7, RS, R9 and RIO may each be 
indqiendenHy hydrogen, hydroxyl [OH], hydroxyalkyl, aminoall^l. 
Broinide (Br), Iodide (Q, nibooxy [0N0.snb,2], meftu»y 
[OCH.sub.3]. ethoxy [OCH.sub2CH.8ub.3], flooride [F], chloride [CI], 
15 CF.5ub.3. CCl.sub.3, phosphate, Rll, R12, ORll, 0R12, OCORll, 

0COR12, O-sulfate [the sul&te conjugate], or O-glucotonidate [fbs 
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ghicoronic (AKA glucuronio) acid conjugates], with tbe proviso that at 
least one of R1>R10 is nitiooxy, R12, 0R12> or 0C0R12; and 



OCOR means 
0 



r 



R 



andRisRll orR12 



wherein 



Rll is Ci.18. aryl, heteroaryl or a deri^ve thereof, wherein said 
derivative Is optionally substituted and optionally branched, and may 
10 have one or more of the C atoms r^laced by S, N or 0» and 

wherein 

R12 is Cms, aryl, heteroaryl or a derivative thereoi^ wherein said 
derivative is c^onally substituted, optionally branched, may have one 
or more of the C atoms replaced by S, N or O, and optionally 
15 oont^ng one or more ONO.Bub.2 

The present invention also provides for conqiounds usefiil for increasing transcription 
feotor binding to egr-l like promoter sequences liavtng flie general flavonoid 
structure: 




Y' 

20 which can be further subdivided into the following structures: 
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POV) 
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(xvm) 




The pr^ent invention also provides for compounds usefiil Sor increasing transcription 
factor binding to egr-1 like promote sequences having fhe general isoflavonoid 
S structure: 




which can be fiirCher subdivided into the following structures: 
(XDC) 




10 ^0 
(XX) 
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(XXIV) 




wherein 

Rl. R2, K3, R4. RS, R6, R7, RS» R9, RIO, Rll, R12. R1S» and R16 
may each be independently hydrogen, hydroxyl [OH], liydioxyaIlc/1, 
10 aminoaOi^, Bromide (Br), Iodide CD, nittooxy [ONO.sub.2], mefboxy 

[OCH.siib.3], efhoxy [OCH>sub2CH.8iib.3], ila<»ide [F], chloride [Q], 
CF.Bab.3, Ca.sab.3, phosphate, R13. R14, 0R13, 0R14, 0C0R13. 
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OCOR14» O-sulfato [flie sul&te conjugate]* or 0-glucoronidate [fhe 
glucoiDTiic (AKA glucmonio) acid coi)]ugates]» wifh fhe piavi$o that at 
least one of R1*R12 or R15 or R16 is nitrooxy, R14, OR14, or 
0C0R14; and 

5 wherein 

OCOR means 
— o 

andRisR13orRl4 

wherem 

10 R13 is Ci^ig, aryl, heteroaryl or a derivative thereof wherein said 

derivative is optionally substituted and optionally branched, and may 
have one or more of the C atoms t^laced by S, N or 0> and 

wherein 

R14 is Ci-ig, aryl, heteroaryl or a derivative thereof, wherein said 
IS derivative is optionally substituted, optionally branched, may have one 

or more of the C atoms replaced by N or and optionally containing 
oncormoreONO,sub.2 ; 

wh^ein 

X can be O, CR15 orNRlS; 

20 Y can be CO [a ketone stiU maintaining the 6 atom ring structure]* 

CRl6orNR16;and 

Z can be a single or a double bond. 

The present invention also provides for compounds useftd for increasing transcription 
&ctor binding to egr-1 like pn»noter sequences having ihe general chalcone structure: 
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some structure of whicdi are tepiesented by the folloivmg structures 



(XXVH) 



5 




(XXDO 
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5 




Rl, R2, R3, R4, R5» R6, R7, R8, R9, R10» and Rll may eaoli be 
independently hydrogen, hydioxyl [OH], hydroxyalkyl, aminoalkyl. 
Bromide (Br), Iodide 0). nitrooxy [ONO.sub.2], metboxy 
[OCH,sub.3l, ethoxy [OCH.sub2CH.Bub,33, fluoride [F], chloride {CL], 
CF.sHb.3, CCl.Bub.3, phosphate, R13. R12, OR13, 0R12, 0COR13, 
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wherdn 

S 

wherein 

10 

wherein 

15 

wherein 



0COR12, O-sul&te [the sulfate conjugate], or O-glucoronidate [the 
gtuGoxonic (AKA ghicuronic) add conjugates], with Hiq pzoviso that at 
leafit one of Rl-Rll is nitrooxy, R12, OR12, or OC0R12; and 

OCOR means 



andRisRl2orR13 

R13 is Ci,i8, aryl, heteroaryl or a derivative thereof wherein said 
derivative is optionally substituted and optionally branched, and may 
have one or more of the C atoms replaced by S, N or O, find 

R12 is Cms, aryl, heteroaryl or a derivative th^eof, wherein said 
derivative is optionally substituted, optionally branched, may have one 
or more of the C atoms replaced by S» N or and optionally 
containing one or more ON0.8ub.2; and 

X can be a single or a double bond; 
Yean be a single or a double bond; and 
Z can be CO [a ketone], CRl 1 or NRl 1 . 

vention also provides for compounds usofiil for increasing transcription 
to egr-1 like promoter sequences of following gmsral formula: 




(xxxn) 
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wherein 

Rl, R3» R4 may each be independenHy hydrogen, hydroxy! [OH], 
S hydxoxyaikyl» aminoalkyl^ Bromide (Br), Iodide CO, nitrooTcy 

[0N0,sub.2], methoxy [0CH.sub,3], eOioxy [OCH,sub2a{.si2b.3], 
fluoride [F], chloride [CI], CF.sub,3, CCLsub.3, phoq)hate, Rll, R12, 
ORl 1, 0R12. OCORll, OCOR12, 0-sulfete [the sulfate conjugate], or 
O-glucoronidate [the glucoronic (AKA glucuronic) acid conjug^tes]^ 
10 with the proviso that at least one of R1-R4 is nitrooxy, R12, 0R12, or 

0C0R12; and 

Wherein 

OCOR means 




IS andRiaRllorR12 

wherein 

Rll is Ci.i8> aryl, het^oaiyl or a d^vative tb^eof, wherein said 
derivative is optionally substituted and optionally branched, and may 
have one or more of die C atoms replaced by S, N or O, and 

20 wherein 
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R12 is Cms, cdyl* h^ercaryl or a derivative theceoi^ \iidiereln said 
derivative Is optionally subsfitutedi c^tionally branched, may have one 
or more of the C atoms replaced by N or and optionally 
containing one or more ONO.sub,2, 

The present hivention also provides for the compound useful for increasing 
transcription &ctor binding to egr-1 like promoter sequences comprising: 

(xxxm) 




10 wherein 

Rl is nitrooxy, R12» OR12, or OCOR12; and 

wherein 

OCOR means 

15 andRisR12 
wherein 

R12 is Cuig, aijd, heteroaryl or a derivative thereof wherein said 
derivative is optionally substitut6d» optionally branched, may have one 
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or xnore of the C atoms replaced by S» N or O, and optionally 
containing one or more ONO.sub.2 

The present invention also provides for ttie compound 

(XXXIV) 




wherein 



wherein 



10 — 0 



Rl Is niiiDOxy, R12, OR12, or OCOR12; and 
OCOR means 



BndRisR12 



wherein 



R12 is Ci-i8> aryl, heteroaryl or a derivative thereof, wherein said 
derivative is optionally substituted, optionally branched, may have one 
15 or more of the C atoms replaced by S, N or and optionally 

containing one or more ON0.8ub»2. 
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The present invention also provides for compoimds useM fbr increasing 
transcription factor binding to egr-1 like promoter sequences of the following 
general formulae 

(XXXV) 




-wlierein 



10 



Rl. R2, R3 may each be indepenclcntly hydrogen^ hydrcHcyl [OH], 
hydroxyalkyl, aminoalkyl, Bromide (Br), Iodide (I), nitrooxy 
[0N0.8ub^], noetboxy [OCH.5iib.3], edioxy [OCH.sub2CH.sub.3], 
fluoride [F]. cMoride {CI}, <:7.Bub.3, CCLsub.3, phosphate. Rll, R12, 
ORll, OR12» OCORU, 0C0R12, Oaulftte [the samo cotdugate], or 
O^ueoronidate [fhe ghicotonlc (AKA ghieunmio) aeid conjugates], 
with the proviso fl^at at least one of R1-R3 is nitrooxy, R12, 0R12, or 
OCOR12: and 



15 



wherein 



OCOR means 



whezein 



— O 

andRisRllorR12 
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Rll is Ci.18, aiyl, hetmaryl or a derivative lliereof, wherein said 
derivative is optionally substituted and optionally btanohed, and may 
have one or more of the C atoms rq^laced by S» N or 0» and 

w^herein 

5 R12 is Cm8» axyl, heteroaryl or a derivative thereof wherein said 

doivative is optionally substituted, optionally branched, may have one 
or more of the C atoms replaced by N or O, and c^tionally 
containing one or more ON0.5ub.2. 

The present invention aUo provides for compounds of the following general 
10 foimulae 



(XXXVI) 




wherein 

15 Rl, R2, R3 rosy each be independently hydrogen, hydtoxyl [OH], 

hydroxyalkyl, aminoalkyl. Bromide (Br), Iodide 0)t nitrooxy 
[ONO.sub.2], melhoxy [OCH.8ub.3], ethoxy [OCH.8ub2CH.sub.3], 
fluoride (P], chloride [Ci], CP.sub.3, CCLsub.3, phosphate, Rll, R12, 
ORll, 0R12, OCORl 1, OCOR12, 0-sulfate [the sulfate conjugate], or 

20 O-glucoroiiidate [the glucoronio (AKA glucuronic) acid conjugates], 

with the proviso that at least one of R1-R3 is nitrooxy, R12, 0R12, or 
0C0R12;and 
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Wharein 

OCOR means 
— O 

andRisKllorR12 

S wherdn 

Rll is C,.i8, aryl. heteroaryl or a daivative thereof whewan said 
derivative U optionaUy gubstituted and opticmally bianched, aad may 
have one or mow of the C atoms replaced by S, N « O, and 

^wbeiein 

Rll is Ci.18, aiyl. heteroaryl or a derivative- Hiereofi ^fi^ierein said 
derivative is optionally substituted, optionally branched, may have one 
or more of flie C atoms replaced by S, N or O. and optionally 
containing one or mem ON0.8ab.2. 

The present invention also provides for compounds useful for increasing 
transcription fector binding to egr-1 like promoter sequences of tiw following 
general fDnnulae 



(XXXVH) 




wherein 



10 



15 
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Rl, R2. R3 may each be indepecdently hydrogen, hydroxy! [OH], 
hydioxyalkj^ aminoalkyl, Bramide (Br). Iodide (I), nitrooxy 
(ON0.8ub.2], methoxy [OCH.8«b.3], ethoxy IOCH.SMib2CH.sub.3], 
fluoride [F], chloride [CI], CF.Bub.3. CCI.snb.3, phosphate, Rll, R12, 
5 ORl 1, OR12, OCORl 1, OC0R12, 0-snli^ [the sul&te conjugate], or 

O'ghieonMiidate [ihe glueonntie (AKA ghicuionio) acid coiyugates], 
with the proviso that at least one of R1-R3 is nitrooxy, R12, 0R12, or 
0C0R12: and 

Wherein 

10 OCOR means 

andRisRll orR12 

wh&ein 

RU is Ci-is, aryl, heteroaiyl or a derivative thereof, wherdn said 
15 derivative is optionally substituted and optionally branched, and may 

have one or moxe of the C atoms replaced by S, N or O, and 

wherein 

R12 is Ci-18, aryl, heteroaryl or a derivative thereof, wherein said 
derivative is optionally substituted, optionally branched, may have one 
20 or more of the C atoms replaced by S, N or O, and optionally 

containing one or more 0N0«sub.2. 

The present invention also provides for conapounds useful for increastog transcription 
&ctor binding to egr-1 like promoter sequences of the following gmeial fomxulae 
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(xxxvm) 




wherein 

Rl, Tt2> R3 may each be independently hydrogen, hydioxyl [OH], 
5 hydroxyalkyl, aminoalkyl, Bromide (Br), Iodide (I), nitrooxy 

[OKO.siib.2], methoxy [OCH.sub.3], ethoxy [OCILsub2CH.sub.3], 
fluoride [F], chloride [CI], CF,sub.3, CCl.sub,3, phosphate, Rll, R12, 
ORl 1, OR12, OCORli, OC0R12, 0-sulfate [the sulfate conjugate], or 
Oglucoronidate [the glucoionic (AKA glucuronic) acid conjugatefi]^ 
10 with the proviso that at least one of R1-R3 is nitrooxy, R12, 0R12, or 

0COR12; and 

wherein 

OCOR means 




15 andRisRllorR12 
wherein 
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Rll is Ci-18, aryl, heteioaryl or a derivative thereof, wherein said 
denvadve is optionally substituted and optionally branched, and may 
have one or more of the C atoms rq)lacedby S, N or O, and 

wherehi 

5 R12 is Ci-ig, aryl, heteroaryl or a derivative thereof, wherein said 

derivative is optionally substituted, optionally branched, may have one 
or more of the C atoms replaced by S, N or O, and optionally 
containing one or more ONO,sub.2. 

The present invention also provides for compounds useful &r increasing transcription 
10 &ctor bindbig to egr-1 like promoter sequences of the following general foimula 



(XXXIX) 




wherehu 

Rl, R2 may each be independently hydrogen, hydroxyl [OH], 
15 hydroxyaHcyl, aminoalkyl, Bromide (Br), Iodide (T), nitrooxy 

[ONO.sub.2], methoxy [OCH.sub,3]. ethoxy IOCH.sub2CH.sub.3], 
fluoride [F], chloride [CI], CF.sub.S, CCl.sub.3, phosphate, Rll, 
ORl 1, OR12, OCORU, OCOR12, 0-sulfete [the sulfate conjugate], or 
O-glucoronidate [the glucoronic (AKA glucuronic) acid corrugates], 
20 with the proviso that at least one of R1-R2 is nitrooxy, R12, OR12, or 

0COR12; and 

whEsrein 
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OCORm^s 



r 



wherein 



andRisRUorRl2 

RU is Ci48, aryl, heteroaryl or a derivative thereof, wheran said 
derivative is optionally subsdtuled axid optionally branched, and may 
have one or more of the C atoms x^leced by S, N or O, and 



wherein 



R12 is Cm?, arji, heteroaryl or a derivative thereof, wherein said 
10 dmvative is optionally substituted^ optionally bianclied, may have one 

or more of the C atoms replaced by S, N or O, and optionally 
containing one or more ONO^sub*?. 

The present invention also provides for the compoimd useful for increasins 
transcription fector bmding to egr-1 like promoter sequences comprising: 

15 




wherein 

Rl is nitiooxy. R12, OI112, or OCOR12; and 

wherehx 

20 OCOR means 
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- — 0 

andRisR12 

wherdn 

R12 is Cm8» wyl, heteroaryl or a derivative th^of, wherwi said 
5 derivative is optionally substituted, optionally branched, may have one 

Of more of tiie C atoms replaced by S, N or O, and optionally 
containing one or more ONO.sub.2. 

METHODS FOR THE SYNTHESIS OF NO-DONATING DERIVATIVES OF 
STILBENBS, POLYPHENOLS AND PIAVONOIDS 

It will be readily apparent to one skilled in the art that numeioiis methods exist for the 
synthesis of nilrio oxide donating analogues or derivatives of stilbenes, such as 
resveratrol, polyphenols, or flavonoids, such as naringenin, or of other anti-oxidant* 
serum cholesterol decreasing or reverse cholesterol transport activating or HDL 
increasing compounds. Despite the existence of known methods, no such compounds 
have ever been described or synthesized before. Preferably, such compounds would 
be analogues or derivatives oif stilbenes, such as resveratrol, of polyphenols, or of 
flavonoids^ such as naringenin, or of other anti-oxidant, serum cholesterol decreasing 
or reverse cholesterol tranaport activating or HDL increasing compounds bouiil to 
nitric oxide donating moieties. Most pre&rably, such compounds would be analogues 
or derivatives of stilbenes, such as resveratxol» polyphenols, or flavonoids, such as 
naringenin, or of other anti-oridant, serum cholesterol decieasing or reverse 
dtiolesterol transport activating or of HDL increasing compounds with one or more 
0N0.sub,2 groups, also referred to as nitric esters, organic nitrates, or nitrooxy 
groups, replacing hydroxyl groups of the parent compound. 

25 An example of a compoxmd provided for by the present mvention is resveratrol 
substituted with organic nitrate groups in place of the three hydroxyl groups present 
on naturally occurring resveratrol. This compound would be named 3, 4% 5 
trinitrooxy trans stilbene, or resveratrol tri nitrate, or using lUPAC nomenclature, 1,3- 
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BIS-iritiooxy-5-[2-(4-iutfooxy-phenyl)-vinyl)-ben2W^ Another example of such a 
confound provided for by the present invention is naringenin substituted with 
organic nitrate groups m place of the tbree hydroxyl groups present on naturally 
occuiring naringenla This compound would be named naringenin truutrate, or using 
S lUFAC nomenclature, S,7-bis-nitrooxy-.2-(4-mtrooxy-phenyl)-chxotnan-4*one. 
Another sample of a compound provided for by the present invention is the reverse 
ester nitrooxy analogue of Naringenin, which with three hydroxyls substituted would 
be S-Nitrooxy<>pentahoic acid 4-[S,74>b-(S-rdtrooxy^pmtanoyloxy>4^oxo-di^ 
yl]-phenyl ester. While not behig limited to those compounds explicitly described 
10 herein^ many more examples are provided io. fhe example section of the present 
invention. 

The trans-resveratrol source material to be u&ed hi file reaction could be obtained 
commercially fiom Bio-Stat Limited (Stoclqport» UJL) or Sigma Chemical Co. (St. 
Louis, MO, USA), isolated flrom wine using tix© procedure of Cjoldberg et al. (1995) 
15 Am. J. Enoi. Vitic. 46(2):159-165. Alternatively, trana-resveratrol may be synthesized 
according to the method of Toppo as taught iti US patent 6,048^903 or &am 
appropriately substituted phenols by means of a Wittig reaction modified by 
Waterhouse from the method of Moreno-Manas and Pleixats. 

The .naringenin to be used as an ingredient £br synthesis reactions is a naturally 
.20 occurring compound readily available fiom numerous conomercial sources^ or 
altemativdy, isolatable using well known methods requiring no undue 
experimentation fiom natural sources such as citrus juice. 

ADMINISTRATION 

For treatment of the conditions referred to above the con^unds may be used per se» 
25 but more preferably are presented wifli an acceptable carrier or exdplent m the fbxm 
of a pharmaceuticaUy acceptable foxmulaticzi. These fbtmulations include ihose 
suitable for oral, rectal, topical, buccal said parenteral (e.g. subcutaneous, 
intramuscular, intrad^mal, or intravenous) admiziistration, although the most suitable 
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fonn of admiiiistratloii in any given case will dq>end on the degree and severity of the 
condition being treated and on tfie natuie of tiie particular compound being wed. 

Fonnulations suitable fot oral administration may be presented in discrete units, such 
as capsules^ cachets, lozenges, or tablets, each containing a predetermined amount of 

5 the compound as powder or granules; as a solution or a suspension in an aqueous or 
non-aqueous liquid; or as an oil*in-water or water-in-oil emulsion. As indicated, such 
formulations may be prepared by any suitable method of pharmacy which includes the 
step of bringing into association the active compound and the carrier or excipient 
(which may constitute one or more accessory ingredients). The canier must be 

10 acceptable in the sense of bemg compatible with oflier ingredients of the 
formulation and must not be deleterious to flie recipient The carrier may be a solid or 
a liquid, or both, and is preferably formulated with the compound a$ a imit-dose 
formulation, for example, a tablet, which may contain fix>m 0.05% to 95% by weight 
of the active compound. OUier pharroacologically active substances may also be 

IS present including other compounds. The formulntions of the invention may be 
prepared by any of the well known techniques of pharmacy consisting esaentiaUy of 
admixing the components. 

For solid con^ositiona, cmventional nontoxic solid earners include* for example, 
pharmaceutical grades of mamiitol, lactose, atarch, magnesium stearate, sodium 

20 saccharin, talc, cellulose, glucosoj, sucrose, magnesium carbonate, and the like. liquid 
pharmacologically administrable compositions can, for example, be prepared by 
dissolving, dispersing, etc., an active compound as described herein and optional 
pharmaceutical ac^uvants in an excipient, such as, for example, water, saline, aqueous 
dextrose, glycerol, ethanol, and the like, to thereby Arm a solution or suspension. In 

25 general, suitable formulations may be advantageoixsly prepared by uniformiy and 
intimately admixing the active compound with a liqiiid or finely divided solid carrier, 
or both» and then, if necessary, shapmg the product. For example, a tablet may be 
prepared by compressing or molding a powder or granules of the compound, 
optionally with one or more assessory ingredieuts. Compressed tablets may be 

30 prepared by compressing, in a suitable machine, the compound in a ftee-flowing 
form, such as a powder or granules optionally mixed wift a binder, lubricant, inert 
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diluoit and/or surfice acdve^dispening agenKs). Molded tablets may be made by 
molding, in a suitdjle machine, the powdered csompound moistened with an inert 
liquid diluent 

Fonnulations suitable for buccal (sub-lingual) administration include lozenges 
5 comprising a compdund in a flavored bas^ usually sucrose and atacia or tragaoantb, 
and pastilles comprising the compound in an inert base such as gelatin and glycerin or 
saa«se and acada. 

Formulations of ttie present invoition suitable fbr parenteral administration comprise 
BXealB aqueous preparations of the compounds, which are approximately isotonic with 

10 the blood of the intended recipient. These piepaiatlons ate admintstoed 
intravenously, al&ou^ administiatlcm may also be effected by means of 
subcutaneous, intramoscular, or intrademud i^iectioo. Such preparations may 
conveniently be prepared by admixing the conqiound with water and rendering the 
resulting sotation sterile and isotonic with the blood. Iq|eotd)Ie compositions 

15 according to Uie invention will ^erally contain 6om 0.1 to 5% wA«r of the active 
confound. 

FormulatiQns suitable fiw rectal administration are presented as unit-dose 
Sttiq>ositori«. These may be ppq)ared by admixing the oon^iound with one or more 
conventional solid carriers, jfar exan^le, cocoa butter, and then shaping the resulting 
20 mixture. 

Formulations suitable for topical application to flie skui preferably take the fonn of an 
ointtnent, cream, lotion, paste, gel, spray, aerosol, or oil. Carriers and excipients 
which may be used include Vaseline, lanoline, polyethylene glycols, alcohols, and 
combinations of two or more thwao£ The active compound is genwally present at a 
25 concentration of from 0.1 to 15% w/w of the composition, for example, flom 0.5 to 
2%. 
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The amount of active compound administered will, of course, be dependent on the 
subject being treated, the subject's weight, the manner of administaration and the 
judgment of the prescribing physician. In the method of the invention a dosing 
schedule will generally involve the daily or semi-Kiaily administration of the 
5 encs^sulated confound at a perceived dosage of lug to lOOCtaig. Encapsulation 
facilitates access to the site of action and allows the administration of the active 
ingredients simultaneously, in theory producing a synergistic effect. !bi accordance 
with standard doshig regfanens, physicians will readily detenniue optimum dosages 
and will be able to readily modify administration to achieve such dosages. 

10 

EXAMPLES 

The following examples are set forth to assist in understanding the invention and 
should not be construed as specifically limiting the invention described and claimed 
herein. Such variations of the inventions which would be within the purview of ttiose 
IS skilled in the art, including the substitution of equivalent compounds now known or 
later developed, including changes in formulation or minor changes in experimental 
design, are to be considered to fall withhi the scope of the inventioii incorporated 
herein. 

For all the examples provided herein, unless otherwise noted tihe term '^the 
20 conq)ounds" or "fhe compound" will refer to any of the compounds provided for in 
the present invention. Without limiting the scope of Ae examples, representative 
coxx^unds include 3, 4', S trlnitroxy trans stitbene, 3, 4*, S tri(nitroxy)eth0xy trans 
stilbene and the dlazeniumdiolate deiivative of trans resverattol wherein one or both 
of the carbon atoms that linlc fiie two phenyl rings are substituted with nitrogen atoms 
25 that have dlazeniimidiolate groups attached. 

All examples listed herein were performed using due following processes and 
methodologies* and refer to the following, except where otherwise stated. 

CELL CULTURE 
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Human hepatoblastoma cells (HepG2) and intestimtl cells (CaCo2> were obtained 
ftom the American Type Culture Collection (Rcckville, MD). Cells were grown in 
Minimum Essential Medium (MEM) (Gibco) supplemrated with 2jiiM ghitamine, 
MEM vitamin solution and 10% fetal bovine serum (FBS) for HepG2 and 20% FBS 
5 (Gibco) for CaCo2 cells. All cells were incubated in a 95% air/ 5% CXh atmosphere. 

PLASMIDS 

The plaanids created for flie studies contained the human APO Al promoter ftom - 
474 , - 375, -325, -235, -190 to -170 fused to the firefly luoifferase geooe in flie vecttA; 
pGL3 (Ptomega). Insertion of the promoter DNA was verified by nucleotide sequence 
10 analysis. Plasmid DNA was prepared from bacteria containing Ae desired clone and 
isolated using Qiagen kits according to manufeoturer's instructiom and used in ttie 
transfection studies or to create a stable cell line. 

CELL TREATMENTS 

The C8Co2 or HBpG2 cells were grown in the defined media and, for promoter assay 
15 studies, transfected with the r^orter construct of interost. Cells were then left in 
serum-free media for 8-12 hours afler which time reBverattol was added to media to 
give a final concentration of the agent as stated hi tho figure legends. The eella we 
exposed to the agent for varying periods of time, harvested and tiien fli© parameter of 
interest, either APO Al ptotdn or iwmioter activity, was assayed. 

20 TRANSIENT/ PERMANENT TRANSFECnONS 

For transient transfectlons cells were seeded onto six well plates and grown to 30- 
40% confluence, The cells were then tninsfboted using 5 ]i I of Superffeot (Qiagen) and 
up to one microgram of the plasmid of tateiest in 100 |il of serum and antibiotic free 
MEM. The solution was incubated for 10 minutes at room tanperature. Media was 
25 then removed from the eells to be transfected and 1 ml of media was added to the 
DNA-Superfect mixture before being applied to flie cells. The cells were then exposed 
to the DNA fbr 2 hours at 37*C / 5% CO2 and then the media containrag DNA was 
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ranoved and zcplaced ^fh servm free MEM media allowed to grow over night pri6r 
tohaxvesL 

'HepG2 cells were also pennaneatly tmsfected with 474.1uciferase using a oo- 
transfcction method. Hep G2 cells are grown in MEM (Gibco) and 10% fetal calf 
5 serum (Gibco) and then qo-transfected with 474-Luc along with another plasmld that 
carries neomycin resistance. Then 400-600 jig per ml of neomycin was added to the 
media and the cells survivfaig treatment with neomyrin assayed for Luc-activity, 
which when present demonstrates the cells have been pennanratly transfected. 

PREPARATION OF CELL LYSATB FOR LUCIFERASB AND BBTA- 
10 GALACTOSIDASB ASSAYS, 

Cells were transfected with CAT plasmid of interest (see above) along with 0.5 .|*g of 
Rous sarcomavirus-p-galactosidase ^V-beta-Oal) to monitor the efficiency of DNA 
Intake by cells. All cells were then left in serums poor media for 12 hours before 
treatment with resveratxol (Calbiochem) for various periods of time. Harvested cells 
15 were then lysed using a commercially available reporter lysis buffer (Promega) and 
cellular debris was collected at 13,000 ipm for S* minutes. Aliquots of tte supernatant 
were taken for measurement of P-galaotosidase activity CPtomega) and for total 
protein determination using Bradfoid Assay (Bio-Rad reagent). 

MEASUREMENT OF LUCIFERASB ACTIVITY 

20 Cells were transfected with Luoiferase plasmid of interest (see above) and left to 
recover ovemi^jht in serum poor media. These cells or those that were pennanently 
transfected with the ludj^ase promoter were then treated with varying concentrations 
of resveratrol for stated periods of time. As aibove, RSV-beta-Gai was co-transfected 
as a control to normalize for DNA uptake. Cells were then harvested and suspended in 

25 reporter lysis buffer (Ftomega). A 10^ aliquot of tins lysate was used for 
determination of luciferase activity, and $ |Xl were used for total protein detemihiation 
(Bradford Assay, Bio-Rad reagent). Luciferase activity was &en detennmed and 
expressed relative to the protein concentration of that sample. 
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WESTERN BLOTTING 

Media or cells were harvested ftom untreated and treated HepG2/CaCo2 culture 
dish^ at vaiious lime points and stored at -80^C when required. Vot experiments in 
which media was collected for western blotthig, cells ftom these dishes were 

5 txypsinized (Oibco) and a lOO^il sample of cells was used to detemme the percentage 
of dead cells by counting live/dead cell ratios using coomasie bhie staining. The 
remaining cells were then assessed &r total DNA content using mettod described by 
Maniads, (Ooning Manual). DNA content per dish was &en utilized along widi ratio 
of live/dead cells to nonnaiize the amount of media to be separated by polyacrylamide 

10 gel electrophoresis. For expmm^ts requirii^ westem blot of whole cell lysates, cells 
were harvested and lysed using reporter lysis reagent (Promega) and cell debris was 
spun down at 13,000 tpm for 5 minutes. An aliquot of the supernatant was then used 
to detemiine amount of protein per sample using Bradford assay (Bio-Rad reagent). 
Equal amounts of protein from all samples were thw separated by polyacrylamide gel 

15 electrophoresis as was done with media. The gels were then transferred to 
nitrocellulose membrane (Hybond, Amersham Pharmacia Biotech)» which was ttien 
probed wi& a monoclonal antibody against human APO Al (CaUnochem). 

IMMUNOFLUORESCEKCB LABELING OF APO Al 

HepQ2 and CaCo2 cells were grown on cover slips. Cover slips on which CaCo2 cells 
20 were grown were also coated with fibronectin (Calbiochem). After treatments with 
various amounts of ethanol or resveratrol for 24 or 48 hours, the cells were fixed and 
permesbilized with a solution containing a mixture of 3,7% formaldehyde, 0.25% 
glutaraldehyde and 0.25% triton-X in PBM buffer (160 mmol/L PIPES, lOmmol/L 
egtazic acid (EGTA), 4 nunol/L MgC12, pH 6.9) for ten minutes at room temperature, 
25 After washing three times with pbosphate-birffered saline (PBS) the cells were treated 
with the reducing agent sodium borohydride. Img/ml in PBS fer 3 x S minutes. The 
cells where then washed again m PBS. Mouse monodotial anti-APO Al antibody 
(Calbiochem) was diluted 1:50 with PBS and added to each covetslip and incubated 
in a humid chamber fi>r 60 minutes at room temperature. After washing, the FTTC- 
30 conjugated secondary antibody (goat anti^^mouse IgG» Jackson ImmunoResearch) was 
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diluted 1:200 wifh PBS and added to coverslips fyr 45-60 minutes at room 
teoqyerature. CeUs were fhen givea a final wash with PBS and monnted on glass slides 
uong tnftimtog media containing P-phenylene diamine and 50% glycerol in FBS. The 
Frrc-labeled ^Al peptide in oells was visoalized using a Zeiss fhioiescence 
5 miwosoope (Zeiss* Dussddoit . Gwmany) wifli FITC excitation and emission 
wavelengths of 488 and 52Qmn. Fhotogr^hs were taiken using a Kodak digital 
camera mounted onto the microscope. Exposure times wore identical for both treated 
and untreated cella. Final magnification was 250X. 

10 EXAMPLE 1: Preparation of l,3-BIS-nitrooxy-5-[2-(4-nltrooxy-phenyl)-vinyi)- 
benzenc. 

To a sohition of 1 mmol of 5-[(E)-2-(4-hydroxywphenyI)-vinyll-benzene-l,3-diol 
(synonym: resveratrol; 3,4*^ trihydroxy trans stilbene) hi 5 ml of dry THF at 25*C is 
added 3 mmol of S0Cl(NO.8ub.3) or S0(NO.8ttb.3).8ub.2. After 1 hr, a.sub.20 
IS (die&yi ether) is added and the solution is washed with water, dried and evaporated. 
The fiiUy nitrated product (l>BIS-nitiooxy-5-[(E)-2-(4-nltrooxy-phenyl)-vinyl)- 
beozene) and the partially nitrated products (wherein any of the hydroxyl groups are 
independently replaced by ONO.sub,2 groins) are purified and isolated by 
chromatography on silica gel. 

20 
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EXAMPLE 2; Preparation of piceatannol tetraaitrate 

Ta a solution of 1 nrniol of 1,2-benzenediol, 4-(2-(3,5-dihydroxyphenyl)ethenyl)-0E)- 
(synonym: piceatannol) in 5 ml of dry THF at 25^C is added 4 mmol of 
SOCl(NO.SUB.3) or SO(NO.SUB.3).8ub:2. After 1 hr, Et.sub.20 (diethyl ether) is 
S added and the solution is washed with water, dried and evaporated. The fully nitrated 
product (piceatannol tetranitrate) and the partially nitrated products (wherein any of 
fixe hydroxyl groups are independently replaced by ONO»aub.2 groups) are purified 
and isolated by chiomatogre^hy on ailica gel. 

10 EXAMPLB 3: Preparation of butein tetranitrate 

To a solution of 1 tninol of 3, 4, 2% 4*- tetrahydroxychalcone (synonym: butein) in S 
ml of diry THF at 25^0 Is added 4 imnol of SOa(NO«SUB.3) or 
S0CNO.SUB.3).sub^. After 1 hr, Etsub.20 (diethyl ether) ia added and the solutibn 
is washed with watcar, dried and evaporated. The fiiUy nitrated product butehi 
15 tetranitiate and the partially nitrated products (wherein any of flie hydroxyl groins are 
independently replaced by 0N0.sub,2 groups) are purified and isolated by 
chromatogr^hy on silica geL 

EXAMPLB 4: Preparation of isoliquiritigenin trinitrate 

20 To a solution of 1 mmol of 4, 2', 4*- trihydroxychalcone (synonym: isoliquiritigenin) 
in 5 ml of dry THF at 25°C is added 3 mmol of S0C1(N0.SUB.3) or 
SO(NO,SUB,3).sub.2- After 1 hr, Etsub.20 (diethyl ether) is added and the solution 
is washed with water, dried and ev^oiated. The fully nitrated product isoliquiritienin 
trinitrate and the partially nitrated products (wherein any of the hydroxyl groups are 

25 independently replaced by ON0.8ub.2 groups) are purified and isolated by 
chromatography on silica gel. 
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EXAMPLE S: Preparation of fisetfn tetranitrate 

To a solution of 1 mmol of 3, 7, 3% 4'- tetrahydroxyflavone (synonym: fisetin) in 5 ml 
of dry THF at 25^C is added 4 mmol of S0C1(N0.SUB.3) or SC)(NO.SUB.3).sub-2. 
After I hr» Et.sub.20 (diethyl ether) is added and the solution is washed with water, 
S dried and ev^orated. The fidly nitrated product fisetin tetranitrate and the partially 
nitrated products (wherein any of the hydroxyl groups are independenUy replaced by 
OKO.sub.2 groups) are purified and isolated by chiomatogrsphy on silica gel. 

EXAMPLB 6: Preparation of quezcetinpentanitiate 

10 To a solution of 1 mmol of 3, 5, 7, 3', 4'- pentahydroxyflavon© (synonym: quercetin) 
in S ml of dry THF at ^S^'C Is added 5 mmol of SOQ(N0.SUB.3) or 
SO(NO.SUB.3).6ub.2, After 1 hr, Et.sub.20 (diethyl ether) is added and the solution 
is washed wiA water, dried and evaporated. The fidly nitrated product quercetlQ 
pentanitrate and the partially nitrated products (wherein any of the bydroxyl groups 

IS are indc^endendy tespUc^ by ONO.siib^ groups) ate purified and isolated by 
ohromatogrq^hy on silica gel. 

EXAMPLE 7: Preparation of N<3,5-Bls-nitioo}(y-phenyl)-N*-(4-nltiooxy-phenyl)- 
hydrazine 

20 To a solution of 1 mmol of 5-[N*-(4-hydioxy-phenyl)-hydrazino]-benzene-U3-diol in 
5 ml of dry THF at IS^'C is added 3 mmol of SOCl(NO.SUBJ) or 
SO(NO.SUB.3).sub.2. After 1 hr, Et.5ub.20 (diethyl ether) is added and the solution 
is washed with water, dried and evsqporated, Tlie fully nitrated product N-(3,S'Bis- 
ratiooxy-phenyl)-N'-(4-nitrooxy-phenyl)-hydrazine and the partially nitrated products 

25 (wherein any of the bydroxyl groups are independently replaced by ONO,sub.2 
groups) are purified and isolated by chromatography on silica gel. 
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EXAMPLE 8: Pieparadoa of 13-bi8-nitrooxy-5-(4-mttoaxy-pli«iyidi8ulfenyl> 
beozeoe 

To a solution of 1 mmol of 5-(4-hydroxy-phenyldlsulfanyl)-benzene-l,3-diol in 5 ml 
of dry THF at 25'C is added 3 mmol of SOCl(NO.SUB.3) or SO(NO.SUB.3).swb.2. 
5 After 1 hi, Et.s«b.20 (diethyl ether) is added and the solution is washed with water, 
dried and evaporated. The fiilly nitrated product l,3-biB.nitrooxy-5-(4-nitiooxy- 
phenyldisulfanyO-benzen© and the partially nitrated products (wherein any of the 
hydioxyl groups are independently replaced by ONO.sub.2 groups) are purified and 
isolated by cfaroniatograplq' on silica geL 

10 

EXAMPLE 9: Preparation of l,3-bis-mttooxy-5.(4-nitroaxy-phenylperoxy)-benzene 

To a solution of 1 nnnol of 5-(4-hydioxy-phenylpero3ty>*«iZ8ne-l,3-diol in 5 ml of 
dry THF at IS^C is added 3 numol of SOCl(NO.SX3B.3) or SO(NO.SUB.3).SBib.2. 
After 1 hr, Et8ub.20 (dieth;^ ether) is added and toe solution is washed wlUi water, 
15 dried and evaporated. The fliEy nitrated product l,3-bis^trooxy^5-(4-nitroo>ty- 
pheoylpeio3sy)-b«n2en© and the partiatty nitrated products (wherehi any of the 
hydraxyl groups are ujdependently replaced by ONO.suba ffaap&) are purified and 
isolated fay ehi0matogRq[)hy on silica gel. 

20 BXAMPLE 10: Preparation of J,3-bis-ni1rooxy-5-(4-nitrooxy-phenyi8ulfenyhnethyl)- 
benzene 

To a solution of 1 nanol of 5-(4-hydroxy-phenylsulfinybnethyl)-ben2en»-l,3-diolhi 5 
ml of dry THF at 25"C is added 3 mmol of S0a(NO.SUB.3) or 
SO(NO.SUB.3).sub.2. After 1 hr, Et.8ub.20 (diethyl ether) is added and the solution 
25 is washed with water, dried and ev^orated. The fclly nitrated product 1,3-bia- 
nitrooxy-5-(4-nitiooxy-phenylsulfenyUttethyl)-benzen© and the partially nitrated 
products (wherein any of the hydroxyl groups are independently replaced by 
ONO.sub.2 groups) are purified and isolated by chromatogrsphy on silica gel. 
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EXAMPLE 11: Prepatation of N<3,5-bis-mtrooxy-phenyl-0-(4-iutrooxy-phen)*)- 
hydroxylamine 

To a solution of 1 trnsol of S-(4<-hydroxy-pbenoxyami]i0)-beQzeae-l,3-diol in 5 ml of 
5 dry THF at 2S*'C is added 3 tnmol of SOa(NO*SUB.3) or SO(NO.SIfB.3).sttb.2. 
After 1 Tax^ Etsub.20 (diethyl ether) is added and the Bolutton is washed mth water, 
dried and evirated. The fully nitrated product N-(3,5-bis-nitrooxy*pheiiyl-0-(4- 
mttooxy-pheayl)-hydroxyl8]tiin6 oad Ihe partiaUy nitrated products (wherein any of 
the hydioxyl groups sre independeafly replaced by ONO.sub.2 groins) are purified 
10 and isolated by chromatography on silica gel. 

EXAMPLE 12: Ftq^arattonof benzyH4-nitrooxy-'pheiQrl)*sm^ 

To a solution of 1 mmol of 4-benzylamino-phenol in 5 ml of dry THF at 25^C is 
added 1 mmol of SOCl(NO.SUB.3) or SO^O.Sl]B.3).8ub.2. After 1 hr» Bt.sub.20 
15 (diethyl ether) is added and the solution is wadied with water, dried and evaporated. 
The nitrated product benzyl-(4-nitrooxy«-phenyl)-amin6 is purified and isolated by 
chromatography on silica gel. 

EXAMPLE 13: Prqparation of 2-(salicylideneaniino) phenol dinitrate 

20 To a solution of 1 mmol of 2-(saliciyrlideneamino) phenol in 5 ml of dry THF at 2S^C 
is added 2 mmol of S0C1(N0.SUB.3) or SO(NO.SUB.3).sub.2. After 1 hr, EtBttb»20 
(diethyl ether) is added and the solution is washed with water, dried and evaporated. 
The fully nitrated product 2-(salioylideneamino) phenol dinitrate and the partially 
nitrated products (wherein either of the hydroxyl groups are independently replaced 

25 by ONO.sub.2 groups) are purified and isolated by chromatography on silica gel. 
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EXAMPLE 14: Prepaiadonof (2Ablwiitiooxy-phmylH2-idtroo»y-phBnyl)^ 

To a solution of 1 mmol of 4-(2.hydioxy.ph6tiylazo)-beiizeiie.l,3.diol (synonym: 1 ^• 
benzenediol. 4<(2.Mroxyphenyl)azo)-) in 5 ml of dry THF at ZS^C U added 3 nmiol 
of SOCKNO.SX3B.3) or SO(NO.STJB.3).sub.2. After 1 hr, Et.8ub.20 (diethyl ether) is 
5 added and the solution is washed with water, dried and ev^qjorated. "nie fuUy nitrated 
product 2,4.bis.mttooxy-pheaylH2-oitrooxy.phenyl)-diazene and fee paitiaUy 
nitrated products (wherein any of the hydroxy] groups are independentty replaced by 
ONO.Bub.2 groiq)s) are purified andisolatedby chromatography on siUca geL 



10 BXAMPLE 15: Preparation of bi8<2,2'-nitrooxy.phenyl)-diazen© 

To a solution of 1 mmol of biB.(2^'"hydioxy-phenyi)-diazene (synonym: l-hydroxy- 
2-(2-hydioxyphenylazo)benzene) in 5 ml of dry THF at 25»C is added 2 mmol of 
SOCl(NO.SUB.3) or SO(NO.SUB.3).Bub.2. After 1 hr. Btsub^O (diefliyl ether) is 
added and the sohition is waahed witfi watar, dried and evaporated. Tho ftlly nitrated 
15 product bi»-(2.2'-iiitiooxyi>henylHiazene and the partially nitrated products 
(wherdn either of the hydroxyl groups are indq>endently replaced by ONO.sub.2 
groups) are purified and isolated by chromatography on sitica geL 



BXAMM 16: Preparation of N-(3-mtrooxy-phenyl)-benzene8ulfonamide 

20 To a solution of 1 mmol of N-(3.hydroxy.phenyl)-benzenesulfonamide (synonym: N- 
(3.hydioxyph6nyl)benzene sulphonsmide) in 5 ml of dry THF at 25«C is added I 
nmiol of SOC1CNO.SUB.3) or SO(NO.SUB.3).sub.2. After 1 hr, Btsub.20 (dietijyl 
ether) is added and the solution is washed with water, dried and evapomted. Tho 
nitrated product N.(3-nitrooxy-phenyl)-benzenesulfonamide is purified and isolated 

25 by chromatography on silica gel. 



EXAMPLE 17: Preparation of N-(4-nitrooxy-phenyl)-benzene8ulfo] 
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To a soltttion of 1 mmol of N-(4-hydioxy-ph6nyl)-1>8nzene8ulfonaxnide (synonym: N- 
(4*hydroxyph6nyl)b6nz6ne sulphonaniide) in S xnl of diy IHF at 2S^C is added 1 
mmol of S0C1CNO.SUBJ) or SO(NO.SUB.3).sub.2. Aftiar 1 hr, Btsab.20 (diethyl 
ether) is added and the solution is washed with water» dried and evaporated. Hiq 
5 nitrated product N-<4-niixooxy-*phea3d>benzenesttlfbnamsde is purified and isolated 
by chromatography on siUoa gel. 



EXAMPLB 18: Prq)aration of 3,3%4,S'-tet]:anitrooxybibenass4 

To a solution of I mmol of 3^3*,4,5'-tetrahydroxybibenzyl in 5 ml of dry THF at 25^C 
10 is added 4 mmol of S0C1(N0.SUB.3) or SO(NO.SUB3).sub.2. After 1 hr, Bt.sub.20 
(diethyl ether) is added and the solution is washed with water, dried and evaporated* 
The fUUy nitrated product 3,3*,4,5^tetranitcooxybiben2yl and the partially nitrated 
products (wherein any of the hydroxyl groups are independently replaced by 
ONO.siib.2 groups) are purified and isolated by cbromatogrs^hy on silica gel 

15 

HXAMPLB 19: Preparation of l-beDzyloxy-2-nitrooxy-benzene 

To a solutimi of 1 mmol of 2-benzyloxy-phenol in 5 ml of dry THF at 2S^C is added 1 
mmol of SOC1(NO,SUB«3) or SO^O*STJB,3>sub:2. After 1 far, Bt.sub.20 (dietiiyl 
ether) is added and the solution is washed with water» dried and ev^orated. The 
20 nitrated product l-benzyloxy'2-nitcooxy^benzene is purified and isolated by 
(flmimatogrephy on silica gel. 

BXAMPLB 20: Preparation of benzoic acid 3-nitrooxy-phenyl est^ 

To a solution of 1 rmnol of benzoic acid 3-hydroxy-phenyl ester (synonym: resorcinol 
25 monobenzoate) in 5 ml of dry THF at 25**C is added 1 mmol of S0a(N0,SUB.3) or 
SO(NO,SUB.3).6ub.2. After 1 hr» Btsub*20 (diethyl ether) is added and the solution 
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i» washed -witti water, dried and evaporated. The nitrated product bedzcnc acid 3- 
nitrooxy^pheoyl ester is purified and isolated by ohiomatogi^y on rilica gel. 

EXAMPI£ 21: Preparation of 2>mtiDoxy-beDzoic add phenyl Mter 

5 To a solution of 1 tnmol of 2-hydroxy-beaiEoic add phenyl ester (synonym: phenyl 
salicylate) in 5 ml of diy THF at 25"C is added 1 mmol of S0a(N0.SUB.3) or 
SO(NO.SXJB.3).sub.2. After 1 hr, Btsub^O (diethyl ether) is added and the solution 
is washed with water, dried and evaporated. The nitrated product a-nltrooxy-benzoio 
acid phenyl ester is purified and isolated by ohromstography on silica gel. 

10 

EXAMPLE 22: Preparation of 2-mtrooxy-N-C4.iiitrooxy-phenyl)-benzaniide 

To a solution of I aunol of 2-hydiojiy-N-<44iyd«)xywplien^benzBmide (synonym: 
Osahutd) in 5 xhi of dry THF at ZS'C is added 2 mmol of SOC1CNO.SUB.3) or 
SO(NO.SUB.3).8ub.2. After 1 hr, Et.5ab.20 (dielhyl ether) is added and the aolutien 
15 is washed wilh water, dried and evaporated. The fliUy nitrated product 2-nitF0O3cy-N- 
(4-nitrooxy-pliBn3d)'benzaniide and the partially nitrated products (wherein cdthor of 
fte hydnnyl groups are indepwidently replaced by ON0.8ub.2 groups) are punfied 
and isolated by cifaromatogr^hy on silica gel. 

20 EXAMPLE 23: Preparation of 2-t»itrooKy-N-(3^ttooxy-phenyI)-benz8mide 

To a solution of 1 mmol of 2-hydroxy-N-(3-hydroxy-phenyl)-benzamide in 5 ml of 
dry THF at 25<»C is added 2 mmol of S0C1(N0.SUB.3) or SO(NO.SUB.3).sub.2. 
After 1 hr, Et.sub.20 (diethyl ether) is added and the solution is washed with water, 
dried and ev^orated. The fully nitrated i^oduct 2-nitrooxy-N-(3-nitrooxy-phenyl)- 
25 benzamide and the partially nitrated .products (wherein either of ttie hydroxyl ffovps 
are indepradently replaced by ON0.5ub,2 groups) are purified and isolated by 
ohromatogit^hy on silica gel. 
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EXAMPLE 24: Pr^aiation of 3,4.5^nitroaxy-N-phaiyl-ben2aniide 

To a solution of 1 mmol of 3A5-trihydroxy-N-((Z)-l-«iefliylBiie-l«it-2-enyl)- 
benzanride (synonym: gallanilide) in 5 ml of dry TOF at 25<'C ia added 3 inmol of 
5 S0Cl(N0.SUB.3) or SO(NO.SUB.3).sub.2. After 1 hr, ELsttbiO (dieBijd ethar) is 
added and tHe solution is ^ed widi water, dried and ov^ated. The fUly nitrated 
product 3A5-tris.mtrooxy.N-phenyl-benzaa>ide and tiic partLaUy nitrated products 
(wherein any of the hydroxyl groups are independenUy replaced by ONO.sab.2 
groups) are pvuified and iaolated by chromatosraphy on siUca gd. 

10 

EXAMPLE 25: Preparation of l-(2,4.bi8-nitrooxy-phenyl)-2-phetiyl-ethanone 

To 8 solution of 1 Minol of l.(2,4.hydroxy-phenyl)-2-phenyl-ethanone (synonym: 
benzyl 2,4-diliydroxyphenyl ketone) in 5 ml of dry THF at 25''C is added 2 imnol of 
SOCaa^O.SUB.3) or SO(NO.SUB.3).sub.2. After 1 hi, Et.sub.20 (diethyl ether) is 
IS added and the solution is washed with water, dried and evaporated. The fuUy nitrated 
product K2,4-bis-mtrooxy-phenyl)-2.phenyl-ethanone and the partially nitrated 
products (wherein eiflier of the hydroxyl groups are independently replaced by 
ONOJub.2 groups) are purified and isolatedby chromatogr^hy on siUoa gd. 

i 

20 EXAMPLE 26: Preparation of l^bis-mtrooxy-S-phenoxy-benzenc 

To a solution of 1 nunol of 3-phei»xy-benzcne-l,2^ol m 5 ml of dry THF at 25*C is 
added 2 mmol of S0a(NO.SUB.3) or SO(NO.SUB.3).sub.2. Afl«f I hr, Et8iib.20 
(dieayl ether) is added and the solution is washed witii water, dried and evaporated. 
Tbs my nitrated product l^bis-nitrOoxy-S^henoKy-benzene and flie partially 
25 nitrated products (wherein either of the hydroxy! groups are mdependentty replaced 
by ONO.sub.2 gcoiqis) are purified and isolated by chiomatography on sfflca gd. 
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EXAMPLE 27: ftepaation pf i>bi8-idiiooxy.3-(2.i«ittot«y.pheiioxy)-ben«ne 

To a wlirtion of 1 mmol of 3<2.hyd««y.phenoxy).ben«ne.l.2-diol in 5 ml of dry 
THF at 25-C is added 3 imaol of SOaCNO.SUB.3) or SO(NO.ST;B.3).sub.2. After 1 
teBt.«ib20(di«&yl*ther)teaddedWii»solationis^^^ 
5 ev'««»or«ted. The fWly nitrated product U-bi».mtioaxy.3-(2-nitiooxy-plxeiioxy> 
banzene and partially mtrated jHoducts (vAetein a»y of the hydtoxyl groups axe 
ir,^^iiy replaced by ONO.sub,2 groups) are purified and isolated by 
chromatogr!?»hy <» "lica 

10 EXAMPLE 28: Preparatiaa of l-iiitrooxy-2rphenoxy-benzene 

Toasolutionoflrnmolof2-phenoxy-phenom5mlofdryTHPat2S^Ci»a^^^ 
nunol of SOa(NO.SUB.3) or SO(NO,SUB.3).8ub^. After I hr. Etsub^O (diethyl 
eQ,er) is added and the solution is washed ^tb water, dried and evj^oiated. The 
nitrated product l.nitrooxy-2-phenoxy.beozene is purified and isotated by 

15 cbromatogr^hy on silica gd. 

EXAMPLE 29: Preparation of 5,5 sulphinyl bis lesorctaol tetranitrate 

To a solutlcm of I nmiol of 5.5 sulpbinyl bis resordnol in 5 ml of dry THF at 25«C is 
added 4 rmnol of S0C1CN0.SUB.3) or SO(NO.SUB.3).s»b.2. After 1 hr, Etsub.20 
20 (diethylether)i.addedand*esolutioniswashedwithwater,dricdandev^^^^^ 
The funy nitrated product 5.5 solpMnyl bis resorcinol tetranilrate and the pa.^ally 
fixated products (herein any of the hydioxyl groups are independently replaced by 
ONO.sab.2 groups) are purified and isolated by chiomatogr^by on silica gel. 

25 EXAMPLE 30: Preparation of U-benzenediol M'-thiobis tetranitrate 
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To a solution of 1 imnol of U-benzenediol M'-thiobis k 5 ml of dry THF at 25-C is 
added 4 mmol of S0a(NO.SXB.3) or SO(NO.SUB.3).wib.2. After 1 hi, Et.Bub.20 
(diethyl ^Oisi) is added and to solution U wasbsd wifli watisr, dried and ev^orated. 
H» fUlly nitrated product l,3-ba)zenediol 4,4'-thiobi8 tetranitrate and the partiaUy 
5 nitrated products (whewin any of the hydwxyl groups are hidepende^^ 
ONO.sob.2 groups) ate purified and isolated by chtomatogrsphy on siUcageL 



EXAMPLE 31: Preparation of phenol 2J* thiobis dinitrato 

To a solution of 1 mmol of phenol 2a' Ihiobis in 5 ml of diy THF at 25'C is added 2 
10 mmol of SOCIOJJO.SUB.3) or SO(NO.SXJB.3).sub.2. After 1 hr, Et.8ub.20 (diethyl 
elfaer) is added and the solution is washed with water, dried and evaporated. The fully 
nitrated product phenol 2,2' thiobis dinitrate and the partifllly nitrated products 
(wherdn either of the hydioxyl groups are independently replaced by ON0.8ub.2 
groins) are purified and isolated by dhnunatognqphy on dlica gd. 



15 



EXAMPLE 32: Prcparatton of l-benzyl-2,4-bi8-nitrooxy-benzene 



To a solution of I mmol of 4.benzyl-ben«ne-l,3-diol (synonym: 1,3 benzenediol 3- 
phenyl methyl) in 5 ml of dry TOT at 25«C is added 2 xmnol of SOCKNO.SUB.3) or 
SO(NO.SUB.3>^.2. After 1 hr. Bt.sub.20 (diethyl eflier) is added and fte solution 
20 Is washed with water, dried and evi^Knated. Hie fhlly nitrated product l-ben2yi-2.4- 
bis-niteooxy-benzene and the partially nitrated products (wherein either of the 
hydroxyl groups are independently replaced by ONO jmb.2 groups) are purified and 
isolated by chromatogrtqphy on siUoa gel. 



25 EXAMPLE 33: Preparation of 2-ben2yl-l,4-bis-nitroaxy-benzene 

To a solution of 1 mmol of 2.bBnzyi-benzen«^-l,4-diol (synonym: 1.4 benzenediol 4- 
phenyl methyl) in 5 ml of dry THF at 25-C is added 2 mmol of SOCl(NO.SUB.3) or 
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SOCNO.SUB.3).sub.2. After 1 hr, Etsub.20 (diethyl ether) is added and the solution 
is washed with water, dried and evaporated. The folly nitrated product 2-b«izyl-1.4- 
bis-mttooxy-benzene and the partiaUy nitrated products (whetcin eifliar of the 
hydioxyl groups are independently replaced by ON0.8ub.2 grouiw) are purified and 
S isolated by chromatography on silica gel. 



10 



EXAMPLE 34: Preparation of (2.3AtriB■nit^ooxJ^pheny^H3A5-tti8-ttltrooxJ^. 
phenyO-meOianone 

To a solution of 1 nunol of (2^,4-lrihydK)oxy-phenylH3A5-tiihydroxy-phenyl> 
mefbanone (synonym; Brifone) ih 5 ml of dry THF at 25'C is added 6 n«nol of 
SOCl(NO.SUB.3) or SO(NO.SUB,3).8ub.2. After 1 hr, Et.sub.20 (diethyl ether) is 
added and the notation is washed with water, dried and evaporated. The fuUy nitrated 
product (2»3,4-tris.mttooxy-ph«myl)-(3,4,5-tris-mtrooxy.phenyl)-methanone and the 
partisdly mtrausd products (wherem any of the hydroxyl groups are independently 
15 repUwed by ON0.8ub,2 groups) aie purified and isolated by chromatography on silica 

gel. 



EXAMPLE 35: Preparation of (2-nitrooxy'phen34)-phBnyl-aBiine 

To a solution of 1 nanol of 2-phenylamino-phflnol in 5 ml of dry THF at 25«C is 
added 1 mmol of S0C1CN0.SUB.3) or SOC?TO.SUB.3).sub.2. After 1 hr, Et.suib.20 
(diethyl ether) ia added and the sohidon is washed wifli water, dried and evaporated. 
The nitrated product (2-nittooxy-phenyl)-phenyl.a«iine is poiifled tod isolated by 
ohromatogriqid^ cm silica gel. 



25 EXAMPLE 36: Pr««)arationof 2K3,5-bi8.nitrooxy-|dmyl)-6-nitnjoxy-4H-6h^^ 

To a solution of 1 mmol of 5-(6-hydioxy-4H-chromen.2-yI)-benzene.l,3-diol m 5 ml 
of dry THF at 25<»C is added 3 mmol of S0C1(N0.SUB.3) or SO(NO.SUB.3).sub.2. 
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After 1 hr. Et.8ub.20 (diefhyl eflier) is added and the 8oluti<m is washed with water, 
dried and ev^orated. Tlie faUy nitrated product 2-(3,5-blfr.iil1iooxyi>hettyl)-6- 
nitrooxy-4H-chn>mette and the partially nitrated pioducts (wherein any of the 
hydroxyl groups are independently replaced by 0N0.8iib^ groiqjs) are purified and 
S isolated by chsomatograpliy on silica ged. 



EXAMPLE 37: Prepaiatioo of ^(3,5-his-mtrooxyi>henyl)-6-mttooxy-lAdihydro- 



To a sohrtion of 1 xnmol of 5<6-hydroxy.l,4'dihydro-naphthalen-2.yl)-benzene-l,3- 
10 diol in 5 nd of dry THF at 25°C is added 3 nunol of SOa(NO.SUB.3) or 
SO(NO.SUB.3).sub.2. After 1 hr, Et.sub.20 (diethyl eflisr) is added and the solntion 
U washed with water, dried and evaporated. The fully nitrated product 2-(3,5-bis- 
nitrooxy-phenyl)-6.mtrooxy-1.4.dihydio.naphthalene and the partially nitrated 
products (wherein any of the hydroxyl groups are independently replaced by 
15 ONO.sub.2 groups) awpurifiedandlsolatedbychromatoer^hyonsiUcagel. 



EXAMPLE 38: Preparatiaa of 2-(3,5-bis-nitrooxy-phenyl>6.nitrooxy-lA3,4- 
tetrafaydco-n^thalene 

To a solution of X nnnol of 5-(6^hydroxy-l,2,3,4-t9fahydjo-naphthalsn-2-yI)- 
20 ben2ene-l,3-diol in 5 ml of dry THF at 25«C is added 3 nnnol of SOOCNCSUB J) or 
SO(NO.SUB.3).8ub.2. After 1 hr. Et.8ub.20 (diethyl ether) is added and the solution 
is washed with water, dried and evaporated. The fUly nitrated product 2-<33-bis- 
mtrooxy^bBnyi)-6-mtiooxy-l,2,3*4-tetrahydro-n8phthalene and the partially nitrated 
products (wherein any of &e hydroxyl groups are independemly replaced by 
25 ONO.sub.2 groups) are purified and isolated by chromatography on ^oa gd. 



EXAMPLE 39: Preparation of 5,7-bis<utrooxy-2.(4-nitrooxyi>henyl)-cliK)ni8n-4-one 
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To a solution of 1 xmnol of 5 J-dihydroxy-2-<4-hydroxy^plienyl)Hdbromm 
(Synonym: naringenin) in 5 znl of dxy THF at 2S°C is added 3 mmol of 
SOCl^O.SUB.3) or SOCNO.SI]B,3),sttb^. After 1 hr, Etwb^O (diethyl ether) is 
added and the solution is washed wi& water, dried and eva{)orated. The ftiUy nitrated 
5 product S^7-bi8-nitrooxy^2-<4-xiitrooxy-phenyl)-din)man-4^ and the partially 
nitrated products (wheicdn any of tiie faydioxyl groups are indq)eiidently replaced by 
ONO.sub.2 groiq>s) are purified and isolated by cbromatogr£Q>hy on silica gel. 

EXAMPLE 40: Preparation of 5 J-bis-nitw)Oxy-2-(4-nitiooxy-i>henyl)-«hrome^ 

10 To a solution of 1 minol of 5,7-dihydiDxy-2-(4-hydroxy-phenyl)-chrQmen-4-one 
(Synonym: apigenin) in 5 mi of dry THF at 25*C is added 3 nrniol of 
SOClCtSfO.SUB.3) or SO(NO-SUB.3).8ub.2, After 1 hr, Etsub.20 (diethyl ether) is 
added and the solution is washed with water, dried and evs^orated. The fully nitrated 
product S.74ns«mtrooxy-2-(4-nitiooxy-phenyl)-clm)nien-4-one and tiie pajHally 

1 5 nitrated producte (whereta any of the hydroxyl groups are independently replaced by 
ONO.sub.2 groups) are purified and isolated by ohromatography on silica geL 

EXAMPLE 41 : Preparation of 5,7-bis-nitrooxy-3-(4-nitrooxy-phenyl)-chromen-4-one 

To a solutim of 1 mmol of 5,7-dihydroxy-3-(4-hydroxy-phenyl)-chronien-4-one 
20 (Synonym: genistein) in 5 ml of dry THF at 25*C is added 3 mmol of 
S0C1(N0.SUB.3) or SO(NO.SUB.3).sub.2. After 1 hr, Etsub.20 (diethyl ether) is 
added and the solution is washed with water, dried and evaporated. The fully nitrated 
product 5,7«bis-nitrooxy-3"(4-nitrooxy-pheiiyl)-chromen-4-one and the partially 
nitrated products (wherein any of the hydroxyl groups are independently replaced by 
25 ONO.sub.2 groups) axe purified and isolated by chromatography on silica gel. 
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EXAMPLE 42: Preparation of 2.(3.4.bi8-mtrooxy-pbenyl)-3.4A7-tetra]d^ 
chtojnan 

To a solution of 1 fflmol of 2.(3,4Hiihydroxy-phenyl)-chroinan-3A5.7-tetraol 
(synonym: leucorianido^ in 5 ml of dry THF at 25'C is added 6 amol of 
5 S0a(NO.SUB.3) or SO(NO.SUB J).sub.2. After 1 hr, Bt.sub.20 (diethyl etber) is 
added and the solution is ^ed with water, dried and evaporated. The fully nitrated 
product 2-(3Ati»-mt«)oxy-phenyl).3.4.5.7-tetr^s-nittooxy-chroman and the 
partiaUy nitrated products (wherein any of the hydroxyl groups are independently 
replacedby OI«).«*,2 ffo^i) purified and isolated by chromatography on sUica 

10 gel. 

EXAMPLE 43: Prep«r«ticm of 6-hydn,xy.7-nltioo;cy.3.(4-nilrooxyn»henyl)-chioman- 

To a solution of 1 mmol of 6.7.dihydroxy^3<4.hydroxy.phenyl)Htoo^ 
15 (Synonym:6.7.4^liihydroxyi8oflava«one)in5ndofdiyTHFat25-CM 

nunol of S0C1CN0.SUB.3) or SOCNO.SUB.3).6ub.2. After I hr. Et.sub,20 (dlefliyl 
eiher) is added and th« solution is washed with water, dried end evaporated. The flUly 
nitrated product 6-hydfoxy^7-mttooxy.3.(4.nitroox3^phenyl)-ehroman^^^ and the 
partially nitrated products (wherein any of the hydroxyl groups are independently 
20 replacedbyQN0.8ub.2group8)arepurifiedandiBolatedbydm^ 

gel. 
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EXAMPLE 44; Preparation of Quraool B tetranitrate 

To a solution of 1 mmol of Quracol B m 5 ml of dry THF at 25»C is added 4 mmol of 
S0aCN0.SUB3) or SO(NO.SUB.3).sub.2. After 1 hr. Et.5ob.20 (diethyl ether) is 
added and the aofation is washed with water, dried and evaporated. The fUUy nitratwi 
product Quracol B tetranitrate and the partially nitrated products (wherein any of the 
hydroxyl groups ate independently replaced by ONO.sub.2 groups) are purified and 
isolated by ehzoinatogreqphy on silica geL 



EXAMPLE 45: Preparatioii of K4-hydroxy-2.6-bi».nitrooxy-phenyl)-3-(4.nittooxy- 
10 phenyi>i>nipan-l-one 

To a solution of 1 mmol of H^hy&KOcy-tlbmifiiM^,^.^^ 
propan-l-one (Synonym: phloretin) in 5 ml of dry THF at 25^ is added 4 mmol of 
SOCl(NO.SXJB3) or SO(NO.SUB.3).8ub.2. After 1 hr, BtsubAO (diefliyl ether) is 
added and the solution is washed with water, dried and evaporated. The ally nitrated 
15 product K4^hydroxy-2.6-bifl.nitmoxy-phenyl)-3<4Htritiooxy^phenyl)-propan-lH^ 
and ttie partiaUy nitrated products (wherein any of Ihe hydroxyl groups are 
independently replaced by ONO-subJ ©wup") «e purified and isolated by 
chromatography on silica geL 



20 EXAMPI^ 46: Preparation of l-nilrooxy-4K(29-3-iibenyl-allyi)-benzBne 

To a solution of 1 nmiol of 4-((Z)-3-phenyl-allyl)-phenol (synonym: 4(.3-phettyl-2. 
propenyl)-,(E).phenol) in 5 ml of dry TOT at 25«C is added 1 mmol of 
S0C1(N0.SUB.3) or SO(NO.SUB.3).s«b.2. After 1 hr, Et.sub.20 (diethyl ether) is 
added and the solution is washed with water, dried and evaporated. The niliated 
25 product l.mtrooxy-4-((Z)-3-phenyl-aUyl)-benzene is purified and isolated by 
cbromatogrt^hy on silica gel. 
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EXAMPLE 47: Prepatadon of l.nitro(«y-4-((B)-3-plicayl-prop«>«?l>b«!zene 

To a solution of 1 mmol of 4.((B)-3-phenyl.ptopenyl>phenol in 5 ml of diy THF at 
25»C is added 1 mmol of S0C1(N0.SUB.3) or SO(NO.SUB.3).swb.2. After 1 hr, 
Btsub^O (diethyl ether) is added and the solution is wadied with water, dried and 
evaporated. The nitrated product l.nitrooxy-4-((B>3-phenyl-pnjpeayl)-b6nzene is 
purified and isolated by chromatography on silica geL 



EXAMPLE 48: Preparation of 5,6.7-tri8-nittoOKy-2-phBnyl-ch«)men-4-one 

To a solution of 1 mmol of 5.6.7-trihydttwy^2-phenylK!hrMtten.4^)ne (synonym: 
10 baicalein) in 5 ml of dry THF at ZS'C is added 3 mmol of SOClCNaStJB.3) or 
SO(NaSUB.3).5iib.2. After 1 hr, Et.sub.20 (diethyl ether) is added and the solution 
is washed with water; dried and evaporated. The fiUly nitrated product 5.6.7-tri8- 
nitrooxy-2-phettyl-diK)men.4-one and the partially nitrated products (wherein any of 
Ae hydioxyl groups are independaitly replaced by ONCsub^ ff6npi) are purified 
IS and isolated by dbnmuitography on silica geL 



EXAMPLE 49i Pr^aration of rutin tetranitrate 

To a solution of 1 mmol of 2-(3,4-dihydroxy.phenyl).5.7-dihydroxy.3- 
.[(2S.3R.5S.6R>3.4,5-trihydioxy.6-((2R,3R,4R,5R,6S).3A5-trihydroxy-6-m^^^^ 

20 tettahydro-pyran-2.yloxymethyl)-te1rahydro-pyran.2-yioxy]-chtomen^-one 

(Synonym: rutin) in 5 ml of dry THF at 25-C is added 4 mmol of SOCl(NO.SUB.3) 
or SO(NO.SUB.3).5ub.2. After 1 hr. Et.sub.20 (diethyl ether) is added and flie 
solution is washed with water, dried and evaporated. The fully nitrated product 2-(3,4- 
biB-nitrooxy-phenyl)-5,7-bi8-nitmoxy.3-[(2S,3R,5S.6R>3.4,5-trihydroxy.6. 

25 ((2R,3MR,5R»6S)-3A5.trihydioxy^-methyl-tetriihydro-pyraa-2-yloxymethyl)- 

tetrahydio-pyran-2.yloxyl-ohiomen-4.one (rutin teliamtrate) and tiie partially nitrated 
products (wherein any of tiie hydioxyl groups are indepeudatly replaced by 
ONO.sub.2 groups) are purified and isolated by chromatography on siUca get 
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EXAMPLE 50: Piepawtlon of 5.hydroxy-2-(4-hydtoxyphenyl)-7-(2.0.a^ha.I- 
AaniMpjfrmiosyl-beta-D-eluiwpyranosy 

To a solution of 1 «miol of 5-hydroxy-2-(4-hydtaxypheiiyl>7.(2-C>.alpha.I^ 

5 rhainnopyra»osyl-b6ts-D-glucopyranosyloxy)-4.c^^ 

M of dry THF at 25«>C is added 2 mmol of SOa(NO.SUB.3) or 
SO(NO.SUB.3).^b.2. After 1 br, Btsub^O (dielhyl eflier) is added and the solution 
is crashed with water, dried and evaporated. IHe My titrated product 5.bydroxy-2- 
(4.hydroxypheny!>-7<2-0.alpha.l.rfuiinaopyran08yl*et^^ 

10 chiomanondinitrateandthepartlaUymtratedpiodaotsCwl^i^ 

groups are independently replacedby ONO.aub.2 gro,«») arepuilfied 

chronjatognq>hy on silica gel. 

EXAMPLE 51: Preparation of (B>(3S.5R>7^3<4-ftaofo.phenylH4soptopyl-lH. 
15 indol-2-yll-l,3;5-tiiwiitroaxy-hs^-6-«n-l-<me 

To a solution of I mmol of (E)-(3S.5R)-7-[3.(4-fluoro.phenyl)4-isopropyi-lH-indol- 
2.yll.3,S-dihydroxy.hept-6.enoio acid (Synonym: fluvastatinj Novartis) in 5 ml of dry 
THF at25-C is added 3 mmol of SOCl(NO.SUB.3) or SO(NO.SUB.3).sab.2. After 1 
hr Et.sab.20 (diethyl ether) is added and the solution is washed with water, dried and 
evaporated. Tlxe fiiUy xdixated product (E).(3S.5R)-7.[3-(4.fluoro-pbenylH- 
isopropyl-lH.todol.2.yl]-1.3.5.tris.nitrooxy.hept-6-en.l.o^ and the partially nltral^l 
products (wherein any of the bydroxyl groups are independenUy replaced by 
ON0.8ab.2 gioups) are purified and isolated by cbromatogrv^hy on silica geL 



20 



25 



EXAMPLE 52: Preparation of S-(4-fluDro-pbenyl)-2-isopropyl-4-phenyl-H(3R.5R>- 
3.5,7-tris-nitrooxy.7^o-heptyl)-l'H-pynoH-yll-3-caiboxyUo acid phenylamide 
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To a solution of 1 mmol of (3R^R>7-t2-(4.fluoro-phenyl)-5-i8opiopyl-3-pheiiyl-4- 
pbenyloart»amoyl-pyiiol-l-yil-3.5Hlihydroxy-hfiptaiiow acid (Sywmym: atorvastatiJi; 
Parke-DffriB) in 5 >nl of d»y THF at 25°C is addod 3 amml of SOC1CNO.SUB.3) or 
SO(NO.SUB.3).8ub.2. After 1 hr, Etsub^O (die&yl ether) is added and the solution 
5 is washed with water, dried and evaporated. The fiiUy mlrated product 5-(4-fluoro- ' 
phenyl)-2-isoprop5*-4-phenyI-l<(3R4R)-3,5,7-tri8-iiitrooxyw7-oxo-hept^^ 
pyrToM-yi]-3-caiboxyUc add phemylaniide and the partiaUy nitrated products 
(wherein any of hydjoxyl gwwps ate independently replaced by ONO.sub.2 
groups) ar« purified and isolated by ohFomatography on siHca gel. 

10 

EXAMPLE 53: Preparatioo o£(E)-(3R^S)-7-[4-(4-flnoro-phenyl>2,6^9opr«>pyl-5- 
mBthox3wiethyli»yridhi-3-yl]4,3,5-tri8H(dt«>oxy-hept^<n. 

To a solution of 1 mmol of (E)-(3R,5S)-7-t4-(4.£luoro-phenyl)-2.6.diisopK>pyl-5- 
inethoxymBthyl-pyridin-3-yl]-3.5-dihydroxy-hept-6-enoic acid (Synonym: 
IS cerivastatin; Bayer) in 5 ml of dry IHF at 25''C is added 3 mmol of S0C1CN0.SUB.3) 
or SOCNO.SUB.3).8ub.2. After I hr, Bt.sub.20 (diefliyl ether) is added and the 
solution is washed with water, dried and evaporated. The fiiUy nitiated product (E)- 
■ (3R,5S>7-[4-(4-fluoro-phenyl)-2,6-diisopropyl-5-methoxymeaxyl-pyridin-3-yl]-l ,3,5- 

tris.nitrooxy-hept-6-en-l-one and the partially nitrated products (wherem any of Oie 
20 hydroxy! groups are independently replaced by ON0.8ub.2 groups) are purified and 
isolated by cbromatogR^hy on silica gel. 



EXAMPLE 54: Preparation of (S)-2-methyl-butyrio acid (lS,3S,7S,8S,8aR)-7- 
mefliyl-3-nitrooxy-8'((4R,«R)-3,5.7-tris-nitrooxy-7-oxo-heptyl)-l,2,3,7.8,8a- 

25 hexahydro-napthalen-l-yl ester 

To a solution of 1 mmol of (2R,4R>3^-dihydioxy-7-t(lS;iS.6S,8S,8aR)-6-hydroxy- 
2-methyl-8-((S)-2-niethyi-butyryloxy>lA6.7,8,8a-hexahydro-napthalen-l-yl]- 
heptanoic acad (Synonym: pravastatin; Bristol-Myers Squibb) in 5 ml of dry THF at 



-80- 



wo 2005/034960 



PCT/CA2004/001818 



25'C is added 4 nmiol of SOCa(NO.SUB.3) or SO(NO.SUB.3).sub.2. After 1 to. 
Et,8ub.20 (diethyl ether) is added and 1i» solution is washed with water, dried and 
ev^ated. The folly nitrated product (S)-2-inefliyl-butyrio add (lS.3S.7S,8S,8aR>7- 
meliiyM-nittooxy-8K(4R.6R>3,5,7-tiis-nitroox5^-7-oxo4iept^ 
hCTahydio-nMJwle»"l-yl ester and the partiaUy nitaated products (vi*erein any of the 
hydroxyl groiq»s aro indcpendentty r^laced by groups) are purified and 

isolated by chromatogtaphy on silica gel. 



EXAMPLE 55: Preparation of 2,2-dinwfliyl-biityrio add (lS3iR.7S,8S,8aR.>3.7- 
10 diraefliyl-8-[2-((2R^R>4-mtroOKy-6-oxo-tettahydro.pyran-2-yI)-em^^ 

hexahydro-n^Mhaloi-l-yl ester 

To a solution of 1 mmol of 2,2.dimethyl-butyric acid (lS,3R,7S,8S,8aR)-8-[2- 
((2R,4R)-4-hydroxy-6-oxo-tetrahydio.p)^-2-yl)-ethyll-3J-djmemyl-l,2,3J 
hexahydio-napthalen-l-yl ester (synonym: simvastatin; Merck:) in 5 ml of dry THF at 
15 25'C is added I mmol of SOa(NO.SUB.3) or SO(NO.SUB.3).Bub.2. After I hr, 
Et.8ub.20 (diethyl ether) is added and the solution is washed with water, dried and 
evaporated. The nitrated product 2,2-dunethyl-bntyrio acid (1S,3R,7S.8S,88R>3.7- 
dimethyl-8-l2-((2R,4R)-4-nitrooxy'6-oxo.tetrahydio-pyian-2-yl)-e«hylH;i.3 

hexahydro-napthalen-l-yl ester is purified and isolated by chromatography on silica 
20 gel. 

EXAMPLE 56: Preparation of (S)-2-nie1hyl-butyrlo acid (lS^R.7S,8S.8aR)-3,7- 
dunethyl-842-((2R,4R)-4-mtrooxy-6-oxo-tetrahydron>yran-2.yl>elhyl]-l,2^ 

hexahydro-tt^thalCT-l-yl ester 

25 To a solution of 1 nnnol of (S)-^methyl-butyric acid (lS,3R,7S.8S,8aR)-8-[2- 
((2R.4R>4-hydroxy-6.oxo-tetI^dlydro-py^m-2-yi)-ethyl]-3J-d^methy^ 
hexahydro-naptbalen-l-yl ester (synonym: lovastatin; Merck) in 5 ml of dry THF at 
25'C is added 1 mmol of SOCICNO.SUB.3) or SO(NO.SUB.3).5ab.2. After I hr. 
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Btsub^O (diethyl eftier) is added and the solution is washed with water, dried and 
eviq,oratBd. The nitrated product (S).2-melhyl-butyric acid (lS3R,7S,8S,8aR>3,7- 
dimethyl-8-[2-((2R,4R>4-iritrooxy-6-oxo-tetrahydro-pyran-2-yl)-efhyl^^ 
hexahydto-napthalen-l-yl ester is purified and isolated by ehromatography cm silica 

' 5 gel. 



10 



15 



20 



EXAMPLE 57: Preparation of N-[4-(4-fluoro.phenyl)-6-i8opropyl-5.((E)-(3R,5R> 

3.5,7-tris-idtrooxy-7-oxo-hfipt4-enyl>pyriniidin-2-yll-N-methyl- 

meQianesulfonamide 

To a solution of 1 mmol of (EH3I^5R)-7W4-flttaw-P»»enyl>6-isopropyi-2- 
(niethane8ulfonytmethyl-amino>pyri«udhi-5-yl]-3,5KU^ 

(synonym: losuvastatSn; Aatta-Zeoeca) in 5 ml of dry THF at 25'C is added 1 nunol 
of S0CI(1«0.SUB.3) or SO(NO.SOB,3)JMbJ2. After 1 hr. Et.sub.20 (diethyl ether) » 
added and flie solution is washed with water, dried and evaporated. The nitrated 

hq)t.l-enyl)-pyrinlidin.^yl3-N-methyl-methanesnl^^ is PwiSed aad isolated 
by ohmmatogisqiAiy on silica gel. 

EXAMPLE 58: Prn»aiation of Nitrooxy-pyridin-3-yl-inethanone 

To a solution of 1 mmol of nicotinic acid (synonynu niacin) in 5 ml of dry THE at 
25X is added 1 nunol of S0C1(N05UB.3) or S(WO.SUB J).8'ib.2. After 1 hr, 
Et sub.20 (diethyl ether) is added and the solution is washed with water, dried and 
evaporated. The nitrated product nitiooicy.pyridin-3-yl.methanDne is purified and 
isolated by chromatography on silica gel. 

EXAMPLE 59: Preparation of (S>l-(4-fluaroi.henyl)-3.[(S)-3-(4-flaoro-phenyD.3- 
nitiooxy-propyll-4-(4-nitrooxy-phenyl>a2etidin-2-one 
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To a solution of 1 mmol of (S)-H4-flaoro-phenyl)-3-[(S)-3-(4.£Juoro-phBnyi)^- 
hydioxy.piopyi]-4-(4-hydioxy-pbBnyl)-azetidinr2-oiie (synonym: eaethnlbe; Mensk) 
in 5 ml of dry THF «t 25'C is added 2 mmol of S0C1(JJ05UB.3) or 
SO(NO.SUB.3).8ub.2. After I hr. ELsub.20 (diefliyl efli«r) is added and the solatten 
5 is washed with water, dried and evaporated. Tire fbUy nitrated product (S>H4- 
£hioro-phenyl>3-[(S)-3-(4-fli»p-phenyl>3-iutK>oxyi«^ 

azetldin.2-0Jie and tbo partially nitrated products (wheiBin either of the hydroxyi 
groups ate independently replaced by ONO.sab.2 geovps) are purified and isolated by 
chromatography on silica gel. 

10 

BXAMPI^ 60: M^hod for gtacoronidating compounds of the invention 

This example describes the method of preparing glucoronidated coittpovmds of the 
invention. In this specific ejcample, a dinitrated version of resveratrol, 3,4'^nitrooxy-5- 
hydioxy resveratrol (50-1000 jiM) prepared as in Example 1 and 10 jU of human 

15 intestinaU 25 jil of colon or 10 ^1 of liver microsomes (200, 400, 200 ^ig of protein, 
respectively), 20 of iiil recombinant UDP-glucuronosyltransferftse (400 ^ig of protein) 
in a final volume of 500 [i\ of 50 mM Tris HCl bnfifer (pH 7.8) with 10 mM MgCU are 
preincubated for 5 min at 3 7^C, The reactions are initiated by the addition of 1 mM 5'- 
diphosphoglucuiomc acid The reaction mixtures are incubated at 37**C for 60 min. 

20 The samples are cooled on ice and subjecsted to solid-phase extraction uaing oasis 
HydrophiUc-Ltpophilic Balance Icc Cib extraction cartridges (Waters Corp, Milford, 
MA), The cartridges are washed with 1-ml methanol and equilibrated with l-nH water. 
After loading 0.5 ml of the sample, the cartridges axe washed with 5% methanol and 
eluted with 2 mi of 100% methanol. The methanol eluate is dried under N2 gas at 

25 40^C> and tfie sample is redissolved hi 250 |il of mobile phase fer HPLC analysis. 



EXAMPLE 61: Method for sulfating compounds of the invention 
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This example describes the method of prepating sulfited conq>oands of the inventioii. 
In this specific example, a dimUated vereion of resvoratrol, 3,4»-irittooxy^5*ydK«y 
lesveratrol prepared as in Example 1 U aulfeted by a sulfotansferaae enzyme using a 
previously described ion-pair esctraotion method (Varin et al. 1987. Anal. Biochem. 
5 161:176-180). The typical leactiontnixtare contains 0.1 to 200 pM of 3,4'.iutiooxy^5- 
hydroxy resver atrol, I jiM [«S]PAPS and 2.5 jU of pooled human liver oytosol (50 ng 
of protein), 2.5 of human jejanal cytosol (30 ng), Caco-2 cytosol (225 or 
0.25 vX recombinant sulfottansferase in 33 mM Tris-Ha buffer, pH 7.4. with 8 mM 
dithiothieitol and 0.0625% bovine serum albumin in a total volume of 100 jil. The 
10 sauries are incubated &r 30 miaat 37«»C, and the reactions terminated by the addition 
of 10 ^1 2.5% acetic acid, 20 jil of 0.1 nM tctrabutylammonium hydrogen aOfete and 
500 nl of eftiyl acetate. After flmmgh mixing and centtifUgation, 400 jil of the eftyl 
acetate extoict is snWcoted to liquid sdntination counting after the addition of 
biodegradable counting scintiMant CAmeraham Biosdencea, Piscataway.NJ), 



15 



20 



EXAMPLE 62*. Kesveratrol treatnaent of CaCo2 cells, from intestine. 
This study detemiined whe&er Kssveratrol had an effect on APO AI gene in CaCo2 
cells, an intestinal cell Une. Cells vrere grown under conditions recommended by the 
ATCC and summarized briefly ia the methods section. The initial studies examined 
the potential efifecta of resveratrol to increase APO Al expression using histologic 
analysis. Cells weie treated with S or 10 /*M of resveratrol and then stained for their 
abundance of APO Al using a oonamorcially available human APO Al antibody (data 
not shown). The CaCo2 cells were examined ushig phase contrast and 
immunohistoehemical staining of APO Al protein in the absence (untreated) and 
25 presence of resveratrol (5 and 10 pM)- Resveratrol caused an increase in the 
abundance of APO Al signal foUowing exposure to 5 and 10^<M of the agent after 36 
hours of tieatoient. An increase in the level of APO Al protein expression in the 
presence of resveratrol was also demonstrated. The results showed that both 5 and 10 
fiM of resveratml increased the fluorescence arising &om cellular content of APO Al 
30 protein. 
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N«t the CaCo2 cells w«e exposed to vaiying oonceixtistions of resveratrol firom 0 to 
15 fM. Tho cells were transfeoted, using a standard technique 'with mpotia 
oonstruct, pAI.474-Luc (se« map. Figure 1) along vdtii pRSV-P-g^ctomdase as a 
monitor for transfection efficiency. The pAL474-Luc is a construct that vre have 

5 created using conventional molecular biology techniques and contains tiie human 
APO AI promoter from -474 to -7 ftised to the ratter, firefly ludftifase (Luc). The 
lesveiatol was dissolved in DMSO and then added to the culture media to yield a final 
concentration that varied from O to 15 ^iM. The cells were treated with the varying 
concentrations of the reaveratrol for 16 hours. At the end of the treatment^ the cells 

10 were harvested and the Luc-activity measured.. These vahies woo nonnatized to bofli 
lysate protein concentration and also 3-galact08idase activity. The resuMs OHguxe 2) 
showed that the resverattol stimulated APO Al promoter activity maximally hy 2.5^ 
fold at aresveratrol conoeottation that ranged from S to 7.S fiM. 

Whereas, the piweaing studies showed that the resverattol concentration, which 
15 caused maximal stfanulation of the APO Al promoter activity ranged between 5-7.5 
iM, the duration of action was unclear. In order to address this point, the same 
experiment to that above was used to assess the kinetics of resvetatrol induction of the 
APO Al promoter. CaCo2 cells transfected with pAL474-Luc were treated with 5 \M 
of resveratrol at selected time points varying from 4 to 24 hours. This construct 

20 pAl.474.Luc contained the rat APO Al promoter DNA spanning -474 to -7 fiised to 
the reporter gene, firefly luoiferase (Luc). A significant effect was observed at 4. 8, 16 
and 24 hours foUowing administration of resveraftol but maxhnal stimulation 
q>peared foUowing 16 hours of exposure to tiie compound. Results (Figure 3) 
showed that the optimal time point for the stimulatory effects of resveratrol on Hxa 

25 APO Al promoter appeared to be around 16 hours. The infiirmation arisuig fi»m 
these studies show that resveratrol can stimulate APO Al gene transcription in c:aCo2 
cells and the time of maxunal effect for resveratrol is roughly 16 hours after exposure. 

EXAMPLE 63: Effects of resveratrol require a fi»gmcnt of the DNA spanning 
30 nucleotides -190 to -170. 
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Since pA1.474-Loc, used in the above studies, 'was fiwind to mediate e£feets of 
resverafaol and this construct contained thehutnan APO Al DNA fiagment spanning - 
474 to -7, we postulated that a motif or moti& within this segment of the promoter 
DNA mediates actions of the compound, fii order to identify flie potential motifi[8)» 
5 separate constructs containing progressively smaUer mounts of APO AI DNA we^ 

flised to the Luc gene. The activity of each construct was tested by transient 
transfection assay in CaCo2 cells and then treated with 5 fdSi resvetatrol for a 
nrinimwp of 16 hours. Results CPigow showed that the flill-lengBi (-474 to -7) 
promoter ptoduoed a 2.5-fbW induction. Tke number at the bottom of each set of 
10 columns denotes the 5' location of flie firagment and flw 3' «»d is comiooo to all 
deletional clones at -7. For ewmqjle, the left set of cotamna shows activity of the -474 
to -7 ftagment in the presence and absence of resvefatiol, respectively. These results 
demonstrate tiuit mnoval of the DNA ftom -190 to -171 of Uie promoter abolishes the 
response to tesverattol. Removal of the DNA the -235 or -190 to -7 ftagments fiom 
. 15 the parent promoter did not afffect the aMUty of tesverattol to faduce the 2.5-fold 
iscrease in promoter activity. In contrast, fbrHier deletitm with the remainmg -170 to - 
7 ftagment of the pnanoted abolished the resveratrol induction of the promoter. We 
disooveied the tesvenitiol responsive motif in the APO AI DNA must span 
nucleotides -190 to -170. - 

20 

EXAMPLE 64: Resveraliol increases APO Al proteta secreted ftom CaC02 cells. 

■niiB to experiment sought to measure whether jesveratrol stimulation of 
transcriptional activity of the promoter in fUe CaCo2 ceUs moieased the abundance of 
the APO Al protein, ultimately responsiTsle for the antiatherogenic activity of the 

25 gene. Resveratrol increased activity of tHe APO Al promoter in the pAl.474.Luc 
construct, a transgene that is introduced into CaCo2 cells by transient transfection but 
whether it affected activity of the APO Al gene endogenous to the CaCo2 cells was 
not known. For these studies, CaCo2 cells were cultured as usual and exposed to 
media containing resveratrol at a concentration of 5 or 10 p,M for 36 hours. Longer 

30 ocposure of the cells to resveratrol was utilized to aUow adequate time for the APO 
Al protein to be secroted into the media fiom the CaCo2 cells, and detected. Spent 
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media exposed to the cells fi>r 36 houxs was assayed for its content of APO AI protein 
using western blot analyslB. Results (Figure 5) showed a marked increase in 
abundance of APO AI protein in the spent media from cells treated with resveratiol 
but APO AI in (he media lacking resvetatrol was lower. 

S The results of th^ studies show Oiat ihe antiatheiogettic praperdes of i^^atcoJ 
augm^ts expression of the APO AI gene- Unoroased expression of the APO AI gene 
augments RCT and thereby enhances tiie removal of cholesterol fiom the body. The 
data in CaCo2 cells are significant and we have unexpectedly. 

1) Identified for Ihe first time eSects of resveratrol on APO AI in 
10 intestinal cells. 

2) Identified that resveratrol a£fect$ transcription of the APO AI gene. 

3) Determined the time required for rasveratrol to act on APO AI in the 
cells* 

4) Determined the range of resveiatrol concentration to ther^eutically 
IS alter APO Al gene expression. 

5) Identified the DNA motif that mediates resveratrol effects in CaCo2 
cells. 

6) Showed that one efibct of resveratrol is to sncieaae abundance of APO 
Al protein. 

20 This information vril] be usefiil in harnessing the of use of xesveratcql or odier similar 
APO A 1 increasing agents by: 

1) Designing a formulation of resveratrol that may be released into the 
intestine. 

2) Designing a formulation for timed release of resveratrol or such agents 
25 to insure that it will be in the intestinal track for a minimum of 16 hours. 

3) Designing a formulation for maintaining presence of a therapeutic dose 
of resveratrol or such agents diat was not previously known^ 

4) Demonstrating use of various reporter constructs and cell lines for 
assa^fing the actions of resveratrol or such agents and extending it for 
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screening of xiatural or synthetic polyphenols or other agents similar in action 
to that of resveratroL 

EXAMPLE 6S: Resveratiol treatment of Hep G2 cells, fiom liver. 

5 Since the APO Al gene is esqnessed in both liver and small intestine, the foUowhig 
stadies eacamine the abiliiy of resveratrol to afFect expression of the gene in liver cells. 
The first set of studies exanuued the potential ability^ of resvemtrol to increase the 
abundance of APO Al and to assess this possibili^ using histological analysis. Cells 
were grown under conditions recommended by the ATCC and summarized briefly in 

10 the methods section. Hie hiitial studies examined the potmtial effects of resveratrol to 
increase APO Al expression using histologic analysis. Cells ^ere treated with 5 or 
lOpM of resveratrol and then stained for their abundance of APO Al using a 
comm^ally available human APO Al antibody. Hep 02 cells were viewed under 
phase contrast or fluorescence microscopy following treatment with or without 

IS resveratrol and immunostaining for their content of APO Al protdn. The results 
showed an increase in fluorescence for APO Al signal foUowmg treatment with S or 
10 mM of resveratroL 

To assay for promoter activity in Hep 02 cell8> the reporter construct pAI474-Luo 
was inserted into the human hepatoma. Hep G2, cells along with pRSV-p- 

20 galactosidase as a monitor for transfection ef&ciency using conventional molecular 
biology techniques as lat^ described. The transfected cells were exposed to varying 
concentrations of resveratrol from 0 to 100 ^iM for 16 hours. The cells were harvested 
and assayed for Luc-activity. Cells treated with 0, 5, 10, 25, SO, 75 and 100 ^tM 
resveratrol showed a dose-response relationship with peak dose at 5 to 10 fiM^ but 

25 becoming inhibitory at SO^M and above. These data have been normalized to /9-gal 
(co-transfected reporter to control for transfection efCicienoy) and expressed relative 
to the protein levels. The experiment was repeated 3 times with 3 different batches of 
cells The values obtained were normalized relative to both protein and 6-galactosidase 
activity. R^ts (Figure 6) showed a 3-fold increase in activity following treatment 

30 with 5 to 10 pM resv^atroL However, flother increases in the concentration of 
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resveratrol did not further increase Lacwactivlty of the i^orter construct and in 
concentrations of the compound at 15> 25, 50, 75 or 100 ^iM were associated with no 
significant increases but rather led to a decrease of 50% in Luc-activity, To verify 
these observations^ a cell line was created that contained the pAI,474-Luc 

5 pennanently Inserted into the cells. These permanently transfected cells were tested 
for response to resveratrol concentrations ranging fiom 0-20 (jlM. The cells that were 
neomycin resistant and had Luc-activity w^e retained for the stixdies because they 
contain both the pAL474»Luo and the neomycin resistance tnarker. These cells were 
treated with resveratrol (0 to 25/iM). To create the permanently b^nsfected cells> 474- 

10 Luc was co-transfected with another plasmid carrying neomycin resistance. The 
ability to grow in neomycin was a marker for successful transf*ection. A dose-response 
effect to resveratrol was observed widi results mimickiiig that of transiently 
transfected cells. Results (Figure 7) showed that Luo-activity in the permanently 
transfect^ cells increased in a dose dependent fashion with a maximal increase of 4- 

1 5 fold following treatment with 10 pM resveratrol. 

The time course of pAI.474-Lao was tested in response to a fixed concentration of 
resveratrol In this study Hep G2 cells wm transiently transfteted witb pA1.474*Luc 
and then e^qiosed to 10 pM resveratrol. Hie cells were harvested at 4, 8, 16 and 24 
hours* The Luc-aotivi^ was assayed In the cells and results showed that majdmal 
20 stimulation of the promoter beg^n at 1 6 and extended to 24 hrs. Hie maximal effect of 
the resveratrol was similar to that in the CaCo2 cells with maTcimal increase observed 
after 16 hours of treatment CFig^ 

EXAMPLE 66: Resveratrol increases APO Al protein secreted fiom G2 cells. 

To measure whether lesveratnol stimulation of the APO AI promoter in the Hep G2 
25 cells also increases the abundance of the protein, APO Al secreted into the media was 
assessed following treatment with the compound. Hesveratrol increased the activity of 
the APO Al promoter in the pAI.474-Luc construct, a trsnsgene that was introduced 
into Hep G2 cells by transient or stable transfection. Hep G2 cells were cultured as 
usual and exposed to media containing resveratrol at a concentration of S or 10 p^ 
30 for 36 hours. Spent media exposed to the cells for 36 hours were assayed for its 
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Qonteut of APO Al protein using western blot analysis. Rjs&ults figure 9) show^ a 
marked increase in abimdance of APO Al protein in the spent media Jfrom cells 
treated with resveratrol but APO Al in Ihc media lacking resveratrol was lower. 

These experiments demonstrate that resveratrol also unexpectedly and advantageously 
5 hicreased expression of the APO Al gene in Hep G2 cells derived ftom liver. A 
ptefened embodiment of a screenmg assay would therefore advantageously contain a 
pCTianently trans&cted Hep G2 cell lino contaimng tfie pAl.474- marker yfh&te a 
prefixed marker is Luc. Such cells could be used to screen for compounds or agents 
for increasing APO Al expression or transfecdon. The expeiiments show the 
10 preferred time periods £br therq)eutio application of such conopounds as well as how 
the preferred fiiers^eotic couoentratlons may be hiitially detetmined. Of course^ it will 
be readily recognized that conventional clinical trials are needed to refine therapeutic 
reghnens in accordance with their purpose. 

We have discovered resveratrol to advantageously affect the expression of the APO 
. 15 Al gene. Using human cell lines, Hep 02 and CaCo2, an iticreaae in levels of APO 
Al protein and promoter activity in both cell types eTqiosed to resveratrol 
concentrations in the range of 5-10 \£M. was observed. Squally important is that 
exposure of cells to concentrations that exceed fliis range has a detrimmtal effect on 
^ression of the APO Al gene. In additicm, the iSndhig that gene activity in response 
. 20 to a single exposure of resvmtrol had maximal efifbct on transcription of the gene at 
16-24 hours but levels of the protdn could be detected up to 36 hours after exposure 
is also new information that guides det^mdnation of the length of time required fbr 
exposure of the cells to resveratrol for tfaerapeudo effect The fact fliat CaCo2 derived 
intestinal cells respond to resveratrol is also new* This fact is important because 
25 resveratrol will contact the intestinal cells first before gohig to the liver and therefore* 
the interaction and effect of resveratrol on Intestinal cells is likely more important 
then its effect on liver cells because tiie concentrations of resveratrol after 
consumption may never reach levels in the blood to sufBciently stimulate the liver 
cells. 
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In addition to these basic observations^ the meohanism by which tesverattol 
stimulated APO Al gene transcription wa3 tested in assays that employed deletional 
constructs of the promoter. These studies show that resveratrol in the CaCQ2 oells act 
via the -190 to -170 fragment of DNA but the effect in liver cells may be due to 
5 interaction at the same or different site. This is important becaws in order to produce 
a beneficial effect in the intestinal cells using derivatives or analogues of resv^ratrol, 
it may be different finm that on the liver* 

In anol3ier embodiment of this invention, perman^y transfected HepG2 cells are 
used a& a screening system to screen &r the resv^atrol sensitive promotor sequence 
10 in other genes, Pmnanently tcansfected HepG2 or CaCo2 cells with deletional 
constructs can provide the basis of an assay system fbr soreening of lesveratrol 
sensitive pzomotor sequences in genes, and fi)r screening neutraceuticals and 
pharmaceuticals to identily those that may regulate APO Al expression. 

EXAMPLE 67: Measurement of ApoA- 1 protein expression 

15 This study measures the effect of the compounds on the APO Al gene m CaCo2 cells, 
an intestinal cdl Une, or in Hep G2 cells, a hepatoma ceU Ime. Cells are treated with 
the conqiounds and tiien stained nSbst 36 hours of treatment for the abundance cf APO 
Al using a commercially available human APO Al antibody. 

20 . EXAMPLE 68; Measurement of ApoA-1 promoter induction 

CaCo2 or Hep 02 cells are exposed to varying concentradona of the compout^. The 
cells are transfected, using a standard technique, with flie reporter construe^ 
Luc along vrith pRSV-p-galactosidase as a monitor for transfection efficiency. The 
pAL474-Luc is a construct that was created using conventional molecular biology 
25 techniques and contains the human APO Al promoter from -474 to -7 fused to Ihe 
reporter, firefly luciferase (Luc) (US Patent Application 10/222,013). Compounds are 
dissolved in DMSO and then added to die culture media for 16 hours. At tfaes end of 
the treatment, die cells are harvested and die Luo-actiyity measured. Values are 
normalized to botii lysate protein concentration and also P-galactosidaso activity. 
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Spent media exposed to the cells for 36 hours may be assayed for its content of APO 
Al protein using western blot analysis. 

EXAMPLE 69: Measurement of AGCCCCCGC eiment induction 

S CaCo2 or Hep G2 cells are exposed to varying concentraticnis of fhe eompomis, TbQ 
cells are tranafected, using a standatd technique^ with a reporter construct* compiisixig 
the AOCCCCCGC clenient, operably linked to a promoter (for example fiie fbyznidine 
kinase (TK) promoter), operably linked to a reporter gene (for example ludferase, 
CAT, or apolipoprotein Al itself)^ along with pRSV-^-galactosidase as a monitor for 
10 transaction efficiency as taught in US Patent Application 10/222t013. C!ompounds 
are dissolved in DMSO and fhen added to ttie culture media for 16 homs. At the end 
of the treatment, the celis are harvested and the reporter gene activity measured. 
Values are nomtialissed to both lysate protein concentration and also p-galactosidase 
activity. 

.15 

EXAMPLE 70: Treatment of fertility conditions using egr-1 effectors 

Egr-1 is known from knockout mouse experiments to be required for sufiScient 
expression of leuteitiizing hormone-beta, and the absence of egr-*! leads to ttie loss of 
reproductive capability in homozygous knockout mice. Modulation of activity 
20 mediated through egr-1 consensus sequence elements therefore represents a potential 
mechanism for treatment of humans ot mammals to suppress fertility or conversely to 
enhance it, in individuals of reduced fertility. 

EXAMPLE 71: Treatment of cancer using egr-1 effectors 

25 Bgr-1 suppresses transformation by trans-activating transforming growth fiictor-beta 
(T(S?-3). TGF-p is itself suppressed by a variety of cancers and modulation of 
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activity mediated through egr-l consensus sequence elements flierefbre represents a 
potential mechanism Sor treatment of cancear and other proliferative diseases in 
humans or mammals. 



5 EXAMPLB 72: Treatment of cancer usmg egr-1 effectors acting on p21 

Bgt^l cooperate with p21 (also known as CIPl and Waft) to suppress transformation. 
This represents an altetnate patiiway by which egr-1 is involved in canc^ and otiier 
prolifemtive diseases and tiierefore modulation of activity mediated throu^ egr-1 
consensus sequence elments represents a potential mechanism for the tceatoient of 
10 cancer or similar proliferative diseases in humans or mammals. 



EXAMPLB 73: Treatment of cancer usmg egr-I effector? acting on pS3 

Egr-1 induces cell cycle arrest or ^pptosis, depending on the severity of cellular 
injury, through trans-activating p33. Modulation of activity mediated through egr-1 

15 consensus sequence elements therefor© represents a potential mechanism for 
treatment of humans or msmmals for disorders to which changes in p53 activation 
levels are associated, for example cancer. In some cases, cell cycle induced anrest may 
allow injured cells, to respond to the injury and effect repair^ representing another 
potential mechanism of action for treatments efFected by the modulation of activity 

20 mediated through egr-1 consensus sequence elements. 

EXAMPLE 74: Treatment of prostrate cancer usmg egr-1 effectors 

Egr-1 is over-expressed in prostate tumor cancer cells, whero it has been linked 
fonctionally to maintenance of the cancerous state. Modulation of activity mediated 
25 through egr-1 consensus sequence elements therefore represents a potential 
mechanism for the treatment of prostate cancer. 
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EXAMPLE 75: Treatment of vascular diseases using egr-1 effectors 

Bgr-1 increases activity levels of FGF-2, which in turn increases angiogenesis and 
stenosis. Modulating activity that is mediated through egr-l consensus sequence 
dements therefore represents a potential therapeudo approadi to down regulate 

5 angiogenesis as a treatment for cancer. Alterostively, modulating activity that is 
mediated Ihrou^ egr-l consensus sequ^e elements repres^ts a potential 
therapeutic approach to down regulate the stenosis a$sociated with numerous vascular 
diseases, including atherosclerosis, cerebrovascular disorders, and restenosis 
fbUowing angioplasty. Canvmely, modulathig activity that is mediated through egr-1 

10 consrasus sequence elements may represent a potential ther^eutio approach to q?- 
regulate an^ogenesis to treat ischemic tissues, such as for wound healing therapeutic 
interventiorL 

EXAMPLE 76: Treatment of inflammation and puhnonary disorders using egr-l 
effectors 

15 Egr-1 activation contributes to fiie swtained escpresslon of inflammatory mediatorSi 
such as occurs in puhnonary disorders including emphysema and asthma. Modulating 
activity that is mediated through egr-1 consensus sequence elem«its therefore 
rqpresents a potential then^eutic approach for the treatment of puhnonary disorders, 
such as emphysema, asthxha, cystic fibrosis and dironio obstfuctive puhnonary 

20 disorder. 
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